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g L DAMAGE 70 THE BASIC CHRMICAL INDUSTRY FROM
% NCCLEAR ATTACK AND RESULTANT REQUIREMENTS FOR
REPAIR AND RECLAMATION
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THE PROBLEM

£ I RO ]

The continued survival of the population after a nuclear attack is closely

related to the economic and teckrolozical recovery of the country. Tke basic

»
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elements of survival during the recovery period are dependent on the capability

R

of a purber of basic industries to survive or, at least, recover quickly irem
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the efiects of the a2tiack. Since chenicals are used in almost 211 phases of
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zaterial production and product marufacture, the chenmical industry will have an
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especially iIzportant role in postattack recovery. In recognition of the
importance of the basic chemical indusiry in the postattack period, the Office

of Civil Defense and Stanford Research Institute have furded the present study

Ath

. ¥ to exanine damage to the irdusitry folloxing nuclear attack.

; = OBJECTIVES

- The objectives of this study were as foliows:

¢ 1. Identification and characterization cf the major unit operations or
z ‘ the processes cozonly used by the SIC Group 28. industries (i.e.,
3 s the basic chemical industry).

; - 2, For each process identified, anzlysis of the physiczl daxage expected
K : to result froz= various overpressure ranses produced by a mzegaton-range
5 z Teapon.

3 3. For each selected process and ior each level of damsze, preparzticn of
’ repair estimaies wvhich include time, m=anpower, by skill, and support
equipzent.

3 = 4 Using the damage and repair results for the selected processes,
: . syiithesis of case studies of selected industries showing:

a. Probadble overall damage at various levels of attack

3 o

v Y. Associated repair requirements
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c. Tirme-phased sequence of repair operatioans

d. Alternate modes of operation

P Y s

PROCELURE

The procedures followed were: i

o AT o B (3% 2.

1. Detailed functiomal descriptions wmere developed for five “typical”
chenical plants (chlorine-mustic, oxygen, ethylene, sulfuric acid,
ard acsoniuz nitrate). These planis are representative of the many
types of plants found within the SIC 282 Zroup.

2. Elezents or cosponents ezploved in one or more of the “typical” plants
were identified and characterized.

3. Damage to the various elexents wmas estimated for 2 ramnze of wezpon
efiects and intensities; all weapon effects were Leyed to overpressure.

. Repair tize and 2ffort requiresents were estirated for each critical
eiexent. Repair efforts for indivicdeai coponenis were then summarized
to obtain the repair effor: for each typical plant.

3. The results of the repair estirates xere analyvzed, and a mathematical
model mas developed to relate dazzge (expressed as overpressurej to
repair effort {in =an-days).

b. Using the mathematicail nodel, respair estimmtes were prepared for each
subindustry {SIC 281X) and for the entire industry (SiC 281).

w}
L]

The tirce-phused repair effort mas deternined for each subindusiry and
Tor the entire industrv including requirezents for tize, manpowver {(by

skili), and supplies; altermate operating procedures which might 1‘”1
alleviate constraints created by shoriages of resources wzere also 5
considered. s .

%

i

XAJOR FINDINGS z;
Kk

i

The m2jor firdinzs of the regort are: :

e The damage/repair catalog for chenical equinzent which was developes as
2 result of the study prorides the kasis for estimates of the repair
requirenenis {>r establisiments of the basic chezical indusiry. It appears
possibie to use suchk a cataloz for repair estimtes of a wide range of
industries outside the SIC 2S1 greup by the add:tion of appropriate
equipxzent.
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The calculated estimates of equipment repair for the various damage
levels can be represented by a exthematicai model which a2lso reflect
changes in equipment size or capacity. Appropriate models were develcped
to relate repair effort to damage level for the tasic chemical establish- : K
ments, industries, ard the whole industry group.
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The repair effort required for resteration of equipzent used in the basic )
chemical industry generalily reflects the cosplexity and vulnerability ¥
of the equiprent. The least vulnerable equipzent items {(those requiring :
the least repair effort) =xere these in which 1ittle inteinmal damage

occurred anrd the resultant repair required oniy realiignment or resatting : R
on foundations.

I AR A LI S

The "worst case” repzir effort reguired for the basic chemical incdustry
could over-xheln the existing capability. It was estimated that the
"nerzal”™ anmuial construction capability of the chemical irdustry is
equivalent to only 20 percent cf the estimated paximum repair efiort - 3
(13.2 x 10° man-days for the SIC 281 industry for an overpressure of ) :
3 25 psi). . &

LA

RN

o 1t appears that the supply of cortain labor skiils zould be inadequate
to reet the requirements for repair effort in the Lasic chenical
industry in the postattack period. However, the exisience o<f =any
persons with latent skill in the required categories may Lelp in nmeeting
the cdemand.

i

R TNy

3 ® The basic chemical industries sre concentrated ax the vicinity of
7 T - standard Eetropolitan statistical areas (SMSAs), with over 70 percent
of the industry production capanbility located within SNSis. 3

PRI 13

R The more rodern bezsic chermical establistiments, which depcrnd on autezation . :
o ard corputer control systezms, appear to kave greater vulperability to
’ nuclear attack. 3
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ABSTRACT

This study for the Office of Civil Dzfense identifies the major equipment com-
ponents commonly used by industries of the basic chemicals grop [Standard

Industrial Classification (SIC) 281}, estimates damage to the equipment components

as a result of varicus nuclear weapon effects, ang estimates the consequent repzir
requirements. Case siudies for selected industries were synthesized by assem-
bling the damage ard repair estimates for the eguipment componenis of various
chemical establishments. These esHmates were then scaied up to represent
damage/repair for ihe seiected chemical industries. Mathematical models were
develooed to relate repair efiort with damage level for the indiv’-uv2l equipment,
establishments, indusiries, and the overall ixasic chemical industry group. From
the outpit of the models, time-phased repair effort {with delineation of manpower
by skills) was derived. The major findings of the report are:

o The damage/repair catalog for chemical equipment was crucial to ke

studv resuits as it was the basis for estimates of the repair requiremests
for establiskments of the ixasic chemical industry. It appears possible to
use such a catalog for repzir estimates of = wigde range of industries oul-
side the SIC 281 group by the addition of appropriate equipment.

The calculated estimates of equipment repair for the varicus damage
laveis were represented by 2 mathematical model which also reflected

chrages in equipment size or capacify. Appropriate models were developed

to relate repair effort with damage ievel for the basic chemical estabiish-
ments, industries, and the whole industry group.

The repair effort required for restoration of equipment used in the basic
chemical industries generally reflects the complexity and vulnerability of
the equipment. The least vulrerable equipment (those requiring the least
Tepair effort) were these in which little internal damage occurred and the
resultant repair required ouly realignment or resetting on foundations.

The repair effort required for the basic chemical industries could over-
whelm the existing capability. It was estimated that the *normal” anauai
construction capability of the chemical industry is equivalent to only 20%
of the estimated maximum repair effort (13.2 x 10° man-days for the
SIC 281 industry for an overpressure of 25 psi). (In four cases, the
maximum repzir estimates were shiown to approximate or exceed new
counstruction efisri. This indicates that the study results are realistic—
or even conservative.)
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It appears that the supply of certain labor skills would be inadequate o meet
the requirements for repair effort in the basic chemical industries in the
postattack period. However, the existence of many persons with iztent skill
in the required categories may help in meeting the demand.

The basic ckemical industries are concentrated in the vicinity of standa d
metropolitan statistical areas (SMSAs) with over 70 percent of the industry
production capability located within SMSAs.

Some of the more medern basic chemical establishments appear to have
sreater vulnerability to nuclear attack because of their dependence on

automation, computer control systems, and in some cases, on interconnecting

pipelines with related establishments.

Recommendations for future work include:

Application of the results of this study to a large maltichemical plant
comglex or to the Five-City Study.

Exploration of the application of the study results to other industries.

Examination of the efiects of varying demand for chemical preducts
after miclear attack and the resultant changes in basic chemical industry
repair requirements.

Conduct of an in-depth study of tae geographical distribution of establish-
ments within the basic chemical industries.

Incorporation of the study results into the National Entity Survivai (NES)
Study model.
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INTRODUGCTION

The Problem

The continued survival of the population after a nuclear atiack is closely
related t- the economic and technological recovery of the counirv. The basic
clements of survival during the recovery peried inciude not only food, clothing,
and shelier, but water, pbarmaceuticals, disinfectants, soaps, and other health~
related materials. The prodectior: of safe, adequate supplies of basic survival
materiais iS dependent on the capabilily of z number of indastries to survive or,
at least, recover quickly from the effects of the atfack.

Since chemicals are used in almost ail phasss of material production and
product manuficture, the chemical ingusiry will have an imporiaat role in post-
aitack vecovery. For insiance, food production is highly dependent on fertilizers,
insecticides, preservatives, and varicus prozessing cheinicals. Chemiceals are
used directly and indirectly in the production of construction materials as well
as in sypthetic fabrics. Some manufactured prodects, such as plastics and paints,
use ckemicals directly, whil. Miiers use chemicals irdirectly as agents to clean,
pickle, or ctherwise treat. Neme of our Iasic survival materinls can be supplied
in ade-qnate quantity or satisfactory quality withowt sources for basic chemicals.
in recognition of the imporiance of tite basic chemical industry in the postatiack
period, the Office of Civil Defease and Stanford Research Institute have funded
the present siudy to examine damage to the indasiry foilowing nuclear aftack.

Various investigaticas of the vulnerability and/or repair of indastries and
utifities have been ¢ ncluded In the past. These included =ater supply, sewage
freatment, eleciric power systems, sieei planis, food processing pizunls, sugar
refineries. peiroieun refineries, and incostrial piants in general. Altkough
mest of {ese sivdies were not directed toward the problems of the basic chemi~
cal processing indusiry. they bave previded usef:! guidance and inpul inforsnation.

The concepls and resuils of the investigation of the remair apd reclamation of
eleciric and gas utilities recently compieted by URS {1] proved to be the most
direcily applicabie. In faci, the technigues and procedures developed in that study
provided ike techrical tasis for the carrent efiori. Other related or comple-
mentary siudies, covering 2 broad specirum of ircdusiries (such as petroleum
refineries, sieel mills, and food processors) and eifects {such as biast damage,
rapid shutdown, 2nd repair requirements), have been discussed i1},

_ — e e = e e im e s ——— .~ —————nis ey Wom— b - —
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The research required both a systéms approach--supplied by URS--and
specialized competency ir the ficld of chemical engineeriag practices--supplied
by Rogers Enginzering Co., inc., of San Francisco. This crrangement proved
highly satisfaciory and is recommended as a desirable approach for research
projects requiring application of both broad zoncezrte and specialized expertise.

Objectives
The Statement of Work is reproduced below.

The Subcontracier shall provide the perseonnel and facilities necessary
to conguct a research study to develop estimates of damage to indus-
trial faciliiies from nuclear weapon effects and to develop estimates
of manpower and resources to repair and reclaim such facilities.
Alanufacturing or processing plaris representative of those in the
SIC* three-digit groyp 281-Basic Chemicals will be selected on the
basis of criteria developed by the Subcontractor. These plans wili
then be defined in terms of their structures, processes and process
equipment, physical layout and other appropriate elemeunts. The
definition will izclude the identification of the degree ¢ which tbe
elements of the plan or processing system zre critical to the gpera-
tio= of the facility. For each of these plarts and their critical
elements, defailed estimates of damage from nuclear weapon effects
wiil be derived primarily on the basis of 2 3-3i17 weapon. Weapon
effecis =i include overpressure, fire, f2ljvut, and cikers as
approgriate. Secondary efiecis, such as missile ang debris effects,
will be considered to the extent permiited by the state—of-the-art.
Estimates of damage wiil be restricted to the two condiiion:; of plants
under normal operation 2ad shutdonn. On the basis cf ikese esti-
mates of damage the requirements =iil be derived over time for man-
povier and equipment argd other resources for tke repair and reclama-
tion of the plants and the sestoration of operation. The estimaies of
damzge and repair tV individual piant components will be presested

in = form such that she findings can be applicd io similar components
in ofScer plants not considered in this study. To the exient possible
the findings developed from the analvsis of individeal plants will be
utilized to characterize piants, in general, of fhe incdusity which the
specific nlanis represent.

* Standard Industrizl Clagsification {2].
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From the Statement of Work, a work plan was prepared and the following
mzjor objectives were delineated:

R P N LS T T,
7

1. Identiiv and characterize the major unit operations or the processes
commionly used by the SIC Group 281 industries.

. - 2. For each procass identified, analvze the physical damage expected to
T result from various overpressure ranges from a 5-Mit-range weapon.

3. For each salected precess and for each level of damage, prepare repair
estimates which include manpower, by skill, and support equipmert.

13

3 . - Using the damagz and repair results for the selected processes, syn-

Coa > thesize cage studies of selected industries showing {a} probable overall

L = damazge at various levels of attack, (0) associzied repair requirements,
- (cj time-plased sequence of repair operztions, (d) alternate modes of

s operaticn.

Limitations on the Study

E 3 The investigation was limited to those industries defired by Siandard Indus-
B trial Ciassificaiion {SIC) Group 281; major irdustries in this group are chlorine-

© 3 caustic, industrial gases, organic dves, inorganic pigments, tasic organic
chemicals, and basic inorganic chemieais.

%
4

£ 3 The range of weapon effects considered included both primary effects (such

g . as air blast, thermal radiation, priz~axty fires, and fallowi*} and secondary damage
; (suck as bailding collapse. secondary fires, utility failure, explosions, and tidal

E- 3 waves). A major portion of the effort was directed at blast effects as these are

T3 considered the most important cause of damage {1, 3] and predictive methods are
k- relatively well advanced. For those effects where predictive technigues are
. poorly developed, the analysis coasidered the possibility or probability of occur-
. 8 rence. While damage estimates were mace for the plant in normal operation at
: the time of attack, if it appeared that the resuliant damage would differ markedly
with th2 plant shut down and secured, a second estimate was prepared. Repair
estimates were based on restoration of approximatelx 90 percent of preattack
production capability. No consideration was given to the reduced demans for
chemical products as a result of the attack.

* Fallout was not considered a contributor {0 eguipment damage and the possible
effects of fallout on susceptible chemical products were not included in this
study.
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Report Organization

In most cases, the results of the study are reported in the sequence accom-~
plisked--that is, from damage estimates to repair estimates to time-piased repair
by skill. To facilitate understanding of the material presented, baciwp and
seconiary data are presented in Appendixes.

The organization of the report and the relationship of the various sections
and appendixes are shown in Figure 1.
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I

THE BASIC
CHEMICAL INDUSTRY

The Chemical Industrv

The chemical industry is one of the key industries in the United Siates and
includes 14,000 plants in 50 states. When broadlyv defired, the chemical indus-
trv embraces a complex of subindustries. The borders of the industry and of
the subindustries are indistinct, for most chemical companies not only manufac-
ture products that fall into a number of subindustry greupings, but produce iteras
classified outside the chemical industry entirelv. Conversely, many of the
products classified in the chemical industry are manufactured in large quantity
by companies listed outside the chemical indusicy (such as, the petreleum refin-
ing industry).

Thus, any system of classification that atiempts to separate chemical com-
panies into special segments must be arbitrary to some extent. For reporting
purposes, the Bureau of the Census combines establishments producing chemi~
cais and those producing finished chemicals (products) into one major group——
Chemicals and Allied Products (SIC 28). SIC subgroup 251 (industrial inorganic
and organic chemicals) includes some 1,900 establishments engaged primarily
in mamifacturing "basic” chemicals that are further processed by other major
groups or subgroups te produce end producis. The vaiue of shipments for tke
SIC subgroup 281 in 1965 was $11,438, 346,000, which represents approximately
37 percent of the total value of shipments for the SIC 28 group of industries.

Figure 2 illustraies the relationship of ibte basic chemical subgroup (SIC 281)
to the industries (251x*) of the subgroup and tc oihier 28x subgroups. The in-
dustries are compared in Figure 2 on the basis of value added by manufacture,
adjusted (MVA)[3). The organic chemicals rot elsewhere classified (nec)
industrv SIC 2518) represent -18 percent of the toial SIC 281 subgroup. Next in
relative importacce is the inorganic chemicals industry {SIC 2818}, represent-
ing 27 percent of the total. The remaining SIC 281x indusiries are a relatively
smali but vital part of the basic chemical indusiry group.

* Hereafter x will be used to indicate undesignated 3-. 4. or 5-digit SIC
subgroups, industries, or products.
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Table 1 indicates the degree to which establishments manufacture products
classified in more than ore industrv. (These data are preserted in terms of -
value of shipments made because there is no MVA data for this particular break-
down.) Using these data, the specialization ratio--an irdex of primary products
produced by a given SIC industrv--can be calculated. For instance, alkalies and
chlorine represent 66 percent of the SIC 2812 industry, and industrial gases 98 per-
cent of the SIC 2813 industry. Secondary products made within the SIC 2812 industry
include hydrogen and sodium nitrate, which are classified under the SIC 2813 and
2819 industries, respectively. Another interesiing statistic is the value of the pri-
mary products made ir other industries—for example, 21 percent of tke fotal pro-
duction of alkalies and chlorine (or $110, 538, 000) are produced by other industries.

The most modern chemical establishmentis today endeaver to manufacture
their raw materials and produce the finished producis. This results in the absence
of a clear differentiation among {for example) a petroleum producer. a petro-
chemi<al cempany, and a chemical macufacturer. Another trend is the formation
of chemical complexes ithat are comprised of independent establishments located in
the same geographical area with a large volume of intermediate product transfer
between establishments. Table 1 indicates this interplart production consumpticn.

Another definite trend in the chemical industry group (and other industry
groups) is the increased use of zatomation in process contrsl. While automation
provides better qualify control at lower operational expense, it could prove detri-
mental in a nuclear attack. Controis and control systems are relativeiv soft in
comparison with most chemical equipment, but are expensive and reqaire exten-
sive labor effort to insiall. Computer control systems are becomirg prevalent [6],
particularly in multichemical complexes, and add greater sophistication to the
rormally complex control systems. Thus, even at relatively low overpressures,
the loss of a conirol system coulé cause extensive damage to a plant that would not
have been damaged by blast efifects alone. :n illusiration of ihis occurred at a
petroleum refinery in Fennsylvania during a four-hour power failure. Although
auxillaryv power was supplied to some instrumentation, the refinery could not
restore full production for four days and suffered losses in excess of a quarter of
a million dollars [7].

Geographical Distribution of the Basic

Chemical Industrv Group

The geographic distribution of the 1905 plants ie the basic chemical industrv
group varied. The inorganic chemicals and coal tar nroducts (SiC 2812, 2813,
2815, 2816, and 2819) are widely and fairly evenly distributed throughout the country;
however, the organic chemicals (SIC 2518) are concentrated in four siates: Texas,
Louisiana, California, and West Virginia [8]. Figure 3 indicates that
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20 URS 687-4

appreximately 54 percent of the ethvlene producticn capability is lecated in SMSAs
ard over 80 percent is concentrated along the Texas-Louisiana Gulf Coast {9].

A few dozen well-placed nucleay weapons wauid incapacitate ethylene production
plants. Since ethylene is a basic chemical, this would jeopardize the nsroduc-
tion of other chemicals.

The extent of damage that the basic chemical industry could expect to
receive in the event of a nuclear attack car be relaiec to the preximity of the
chemical industry to population areas or Standard Metropolitan Statistical Areas
{S\iSAs). Figure 4 shows ihe percentage distribution (based on 1965 production)
of each industyy in the 281 industrv group and the 281x industries located ic and
out of SMSAs. As Figure 4 indicates, three industries—2812, 2813, and 2815~
have over 80 nercent of their production capability located inside SMSAs, while
the other three industries have at least 60 percent cr more of their producticn
capability so localed. The entire 281 industry group has over 7C percent of its
production capability located in SMSAs. This indicates that less than 30 percent
of the industry greoup could expect to remain unscathed following a nuclear attack
concentrated on the SMSAs.

A major trend of the basic chemical industry group, particularly the petro-
chemical industry (2818}, has been 1o the interrelated chemical plant or multi-
chemicai complex. In this &ype of an operation, as many as 10 or 12 separate
chemicals ar¢ manuiactured within one plant, witk many of the ch2micals utilized
icternally to manufaciure other chemicals which are the finsl end products. One
resuit of the multickemical compieox trend hus been a tendency for different chemi~
cal complexes to become interconnected by pipeiines and through interplant trans-
fer {o sell various chemicals necessary for anatter plant's processes. Although
this procedure has grovided an ecenomy of scale that has corntributed te the
growth of the petrochemical industry, it could prove disadvantageous if a plant
supplyving the necessary feed stock is shutdown, thus causing a “domino™ effect
whereby 2ll cependent plaats miglt have to shutdown [9]. These interplant
connections prebably will have z great effect on the postaitack recovery of the
chemical industry sinre the damage to or destruction of one chemical plant might
incapacitate zcveral other plaats 40 or 39 miles distant. An example of relatively
jozng distance interconnectiens is toe Grange- Beaument-Port Arthar, Texas, area
that has interconnecdons with plants almost 60 miles away in tbe Lake Charles,
Llouisiana, area [10i. Waile this was a problem beyond the scope of this stugy,
it would be useful io perform an in-depth study of a large multichemical plant
complex Ssch as thel Iacated in Giesmar, Louisiana, or the Hogston, Texas,
area {11} and more accuraiely ascet2i the wifests a suclear weapon aitzck
would heve ¢ an interconzectied chemical complex.
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Criteria for Selection of Representiative

Indestries and Establishments

The individu:l process lines used in basic chemical industries included in
the Standard Industrial Classification Group 281 are too numerous {o analy¥ze in
depth. A selection precess whereby a limited number of establistments were
isolated by a set of criteria designed for optimum satisfaction of the research
gbjectives was performed at two levels. The first leve: examined the six major
irdustry headings (2312, 2813, 2815, 2R3K. 2818, and 2819) within the group to
decide whethar any of the major Lkeadings could be eliminated from detailed
study; the second level examned all of the chemical products (2S1xx and lower)
listed under each of the qualifving major headings. Fer each of the selected
rapresentative irdestries, a typical establishment (producing the selocted chemi-
cal products) was designated as representalive of that pariicular major industry
heading.

Tre criteria used in selection of the representative industries and establish-
menis are as foliows:

e The industry/establishment shall have importance in the postattack
period.

e The industry/establishrient shall represent a considerable volume
{weight} and doliar value.

e The industry/establishment shal® preduce chemicals with wide appli-
caiion in a variety of uses and over a wide geographical srea.

e The industry/esiablishmest shall stilize processing equipment and
techniques representative of those used threughout the basic zhemieai
industry group.

e The tadustry/esiablishment shall produce chemicals not readily avail-
able through aliernate sources.

Using the above crileria for industry, alknlies and chlorine {2812), induzicizi
gases {2513}, organic chemicals {2518), and irorganic chemicals £2819) were
reizined for detailed stedy. The other industries (2815 and 2216} were studied
further, buti only in 2 Lross manner. Table 2 summarizes the results of the
selection process; Iurther details are included in Appendix B.

Next, preducts that would be representative of each of the 292x industries
Tetained were selected (asing the same criteria) and typical estabiishments manu-
facturing ihese products were designaied. Tbe details of the selection process

are given in Aipendix 3 and the results are summsrized in Table 3.
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Table 2 ;
SIC 281x INDUSTRIES SELECTED FOR DETAILED STUDY ’
iC Postatiack Production Number of Processes and  Alternate -~ T
Industrv Importance _Volume  Essentiai Uses Equipnient Sources % E
2812*  High Moderate Many Unigze Fow o
2813* High doderate Many Typical Few A
2815 Aloderate Moderale Some Typical Many '
2816  Low Moderate Limited Unique Few
2818*  High High Many Topical Some
2s19*  High High Many Typical Fesw
* indusiries retained for detailed study. :
Table 3
REPRESENTATIVE ESTABLISHIERTS :
SELECTED FOR DETAILED STUDY E
SIC 7
Industrv SIC Product Code Number - Product  Product/indusiry Ratic* E
2812 28121 Chloriue } 0.61
25123 Sediurn hydroxide )
2513 28133 5¢ Cxygen
28134 43 XNitrogen } 6.51 z
28131 15 Argon
2518 25182 11 Ethyiene 0.022 ;
2319 25123 Sulfuric acid ¢.062
} 0.107 5
28319 28191 59 Ammonium niirate 0.015 S

* A ratio of the MVA for the chemical preducts indicated over the iotal MVA for
industry which the progucis represeat.
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As Table 3 indicates, the establishments chosen to represent the 2812 and
2813 industries manufacture products that represent more than 1/2 of the total
MVA (0.61 for SIC 2812 and 0.51 for SIC 2813); the choices are obvious. For
the SIC 2618 industry, thie choice of an establishment producing ethylene--repre-
senting only 2.2 percent of the iotal industry MVA--is less certain although it
is the largest single chemical produced in the 2518 industry. However, it was
determined that an ethylene plant represents physicaily, if not ir terms of
process, most organic plants. Accordingly, using the ethylene plant as an exam-
ple of the very large industry was deemed valid. The 2519 industry is represented
by two establishments--one producing sulfuric acid (a2 representative liquid chemi-
cal) and another producing ammonium nitrate (a representative bulk solid chemi-
cal); these two products represent approximately 11 percent of tae total 2819 in-
dustry MVA.
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TYPICAL ESTABLISHMENTS
AND
PROCESS EQUIPMENT

The basic chemical industries comprise chemical estabiishments that utilize
various chemical process equipment. This ckemical process equipment can be
considered the working modules charaecterizing a particular chemicai plant. Thus,
the first step in determining probable damage and svbsequent repair effort was to
identify the chemicz! nrocess equipment. Twe previcus studies {3.12] presented
methods by which manufacturing equipment (including chemical process equip-
ment) could be classified. In the first studv, Sachs and Bickley of IDA [3] classi-
fied equipment as: general purpose. special to indusiry., or unique to the pro-
duct, with subdivisions of light and heavy, and regular ard precision. The
second studv by the Nationzl Plaaning Association {12] preseanted a more detailed
classification under three broad headings: specialized equipment, common
equipment, and auxiliary facility modules. As these studies examined the entire
manufacturing industry, their classification systems bad to encompass the entire
range of manufacturing equipment. Since this study investigated ore industry
group, 2 classification system specific {o chemical eguipment was devised in
conjunction with the Rogers Engineering Company.

Process Equipmest and Auxiliarv Equipment

Rogers Engineering provided URS with 2 list of the standard eguipment used
in the basic chemical industry. From this list, URS and Rogers seiected 37
items of chemical equipment and 9 auxiliary equip:nent that would be representa-
tive of the tctal 281 industry group. These modules provided tke basis for 2

catalog from whichk various types of chemicai establishments could be built
hypothetically.

Table 4 lists the chemical eguipment ard auxiiiary equipment included in the
calalog and represents for each typical plant the specific equipment moduies that
make up that plant.

Figure 5 illustrates the layout of a tvpicai chemical establishment and the
relationship of varicus compona=nis of chemical equipment. The pressure vessels.
cooling tower, sterage tanks, heat exchangers, conirol house. and pipe rack are
tyvpical of the chemical industry. Appendix C centains more detailed information
on the equipment ard ihe processes of the five wvpical establishments.
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Table 4

CHEMICAL EQUIPMENT AND AUXILIARY EQUIPMENT

Eczinmest Used in Specific Establishmet

: 231 2513 =313 =319 2315
3 Caustic ~ Air 2 jon  Sciferi
Chlorine Lizu¥zetinm Dibnlens _ Nizmte Acid
: - Columzne and Pressure Vessels
E : C-1 Disilhatica Colzzx x x .
C-2 LigmidfLigsid Extraction Cole=a

P 3 C-3 Pacied Colz=n x
C—i Presszre Vessel - Horizoal

3 - Cylindricsl x < ;
:’ 4 C-3 Presszre Vessel - Versical

j Cxlindrical x x x

3 C-6 Ligmid Piase Reactor with Mixer
2 C-7 Ficidized Bed Verzical Reactor
Sorage Tasks
j C-5 Atmospberic Sorape x x <
C-9 Scherical Rovage x
b 1 C-10 Solds Sorage x
‘ - C-11 Open Sorage Tazks x
: ] C-12 Borizorral Shell a4 Tohe x x x x x

3 C-13 Vertical Shell 20d Tobe
2 : C-131 Mzlinle Effects Exaporzior x
C-15 Codlizg Tower xdaced Drafi x x x x =

2N

: Fired Beazers
3 C-16 Sax Type - Floor Fined -
4 : C-17 Boriroseal Fired Roaary Kita < x
= 4 Poops and Drivers

3 C-13 Cextrifomal Poxp ’ x x x x
: 5 C-13 Sleszric Motor Drives x x x <
4 C-20 Steasn Terdine Drives x
3 : C-21 Blower <

o Vseznom Bgegenes

f C-2* Seam 31 Ejecios x
: . o 5

2]
7 '
¢




Table 4 (Continued)

Ecrdamest Used iz Soecific Establishkmenat

29

2312 2312
Cagpstic -~ Air

Chlozine Ligzifaction

2318 23519
Ammeniom

Ettdese _Nitrate

2319

ScMarie

Acid

Cecmpressors
C-23 Rrciprocaling Compressor
C-23 Cezrifzml Coxpressor
Special Equipmen
C-25 Earcemeiric Coodensor
C-2¢ Bell and Sgigxt Dryicg Toxer
C-2; Cesxrifnres
C-25 Eiectrolstic Dixphram Cell
C-29 Electrolvlic Mercary Cell
C-20 Rotary Vzcummn Fller
C-31 Screw Converor
C-22 Thickemer or larifier
C-33 Acid Coolers
Pacizre lonts
C-3% Redriperatian Unnis
C-35 Repeoerziive Ligoid or Gas
barmmens
€35 Ceozzrol Cuobicles
Popiag
C-37 Pipe Rucks
Gas Srstem

A-1 Gas Reg=xtor
A-2 Gas Neer

Electiric Sitemm
A-3 10 1VA Tr=<former
A-§ Electric Sstichpeaar
A-3 Recitfier

Waler 203 Scxer Sesten
A-6 Yertical Sexd Filter
A-7 Eletaled Water Tazk
A-3 Padlare Bodler U=t

Beiids
A-S Prefat Baildinge

M M M M

)0

od b

|

FIRTE T

Shre g




14 BARCRSCELA e oa i Latat v e A SO IS AUREA N LI ot &« o ol A K R AL AR A O AR AL M A I M it SR SRR (2 T T T T T T T, ki pustaa itk natle iU UAKY &

SLNINOIWOD INVINOIWI ONIMOHS LNIWHSITEVLISI TYDIWIHD TVIIdAL V

-4

[l Yo 1e ¥ sscerem Lt e

o5 ) . . 7 i % o G, o
: THE o e
SR

LRS 4§

3snoyq |osques

* Py y
01500y
N

W
1))

A e -

~ i | Rt T, [9360 MINESAIJEEE TP
5 : . . 85+ W8 2y ooy ad)
| Gt A %

AL

o -

A e v o S

i
1
W &y
A
4 B
i .
J & %
e » ¥
¥ fy
P, £
. ¥
b
o 2 - - - ~— Ll
n 1% ¥
i
, .
S E N *
ot
=X
o~ omd E e AL x e 0t IR R RNAR I pe v 5 TR AR TR N AR T IR OR Ey b 1 I FINTIARIG kW MCPORN L PIATNEER VIOV Ely Iier, R AR W TR AT R A L ARl T A TP AT S TS Al S I R TR Y N T RN A N A T A O35 e AP T IR C I BRO SN A TITRRT N § AR RTEG e < LY ] sk
Ayl s 3 1 FTIRSAE T T Ratnts 3 0L X RIS EIC I NN bl it b Lo AR ALY Hiaey SR TR UMM SRR o 14 Lpgtd g A et I LG L rs AR L arvbiraies 4 Y AL vear] (ALY £1 0o 1 ) (OVERNLLS S 2 TH MY (ARSI TR b iche i 57 LONSCRINPLIF taE VG IR L Leat THOARS £10
iy P A S |, B
W&‘;@A uj - A ,




e e e

URS 657-4 31

Critical Elements

One of the goals of this study was to ascertain the critica? elements in the
tvpical chemical marufacturing establishments. The ascertainment of the rela-
tive imporiance of various chemical equipment components to an overall chemi-
cal process is necessary since the postattack repair effert would probably place
najor emphasis on getting the cnemical plant back “on the line.” To accomplish
this in the most expeditious manner. compcaents contributing a fraction of effi-
ciency undoubtedly would be bypassed. In a previcus siucéyv on the gas and elec-
tric utilities [1]. tke equipment compoagcnis of the two utilities were almost
always used in exactly the same manner in each plant; this permitted a fairly
rigid definition of their criticality. In the chemical industryv. however, an item
of chemical equipmeat might be criiicai in one plant but not ix another 4 filter
might be absclutely necessary in one process but of minor importance in
another). As this restriction precluded the assign'ment of a criiicaiity rating
to chemical eguipment lisied in the cataing, the equipment was rated for its
criticalitv on a plant-bi-plant Lasis.

Accordingly, the funciional contribution of exch element was carefully ex-
amizned, and criticality was rated according io the following classificaticns:

CRITICAL Losg of element weuld result in 2 loss of more than
10 percent of the design copacity. Tke cause of this
C reduction in capacity might be due io operational
Iimitations or a degzudation of the system’s safety
or reliability.
SEMICRITICAL Operation withou! element would resuit in a loss of
less than 10 percent of design capacity. The szfety
@ or reliability of the system might de dezraded, but

noi serjously. Conversion of the system to operate
without this element would require a significant
expenditure of manpower and/or materials.

NOXCRITICAL Cperation witiout element, would resuit iz = oss of
less than 10 percent of design capacity. The safeiy
or reliability of the system might be degr=ded, b2

rot sericusly. Conversion of the system s operate
without this elemer would not reguire a sigpificant
expendiiure of magpower ami/or materials.

Figures C-1 through C-5 of Appendix C depict the ratings of each chemical com-
ponent.
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i1
DAMAGE ESTIMATES

The 46 cquipmeni moduies in the chemic¢al equipment catalog were examined
to determine the extent and nature of damage they would reccive as a result of
nuclear atiack. The purpose of these damage esiimates was to establish a quan-
titative relutionship between given levsis of damage and the overpressure at
which such damage would occur. This information was subsequently combined
with information relating damage to the repair effori required for resteration
and resulied ir establishing a relationship between overprsssure and repair re-
guirements. Damage was assumed to be producesd by a 5-mt low air burst with
ail cverpressures in the Mach region. Although a rigorous analysis of other
veapon vields was not pursued, tke results of the damage estimations are believed
%0 be apnlicable for weapon yields in the low megator range (1.0 - 10.0 mt). The
major différence in blast phencmena for weapons uf cifferent vields (pesides dis-
tance} i< {ne duration of the positive phase of the blast wave. Although this dura-
tior vhanges with the overpressure level (it is the iongest at low overpressures),
aver th. weapon vields mentioned it is of sufficient duraiion i0 equal or exceed
the natural period of the equipment structures investigaied in this study. For
example. a distiliztion column 88 ft high by 4 ft diameter has a period of 2.6
secs. At 9 psi, the column would overturn due to anchor bolt failure. At this
oversrassure level, the duration of the blast wave is 2.75 snd 6.3 secs for yvields
of 1 and 10 mb;respectivelvy. Therefore, the duraticn excee:ds the period of the
structure and the wave can be considered a static loading force. For weapons
of lower vields, certain structures wiii have periods {iai now are greater than
the blast wave duration values. Under these corditions. the assumption that the
wave acls as a static loading force no longer applies and damage ic such sirtie~
tures wiil be less than predicted by large weapoas al the szme pverprecture
levels.

Weapon Efiectx arg Secondary Damage

o e . e e e e o— ~ —m—— -
- —— e n e © e ~ ~— —

The primasry nuclear weapon effecis ronsidered in analyzing aamage to the
chemical cquipment comjrorents weye the diffraction and dyag phases of the biast
wave azd the therrral y use. Secendary damage was mainly assessed in a quali-
txtive mavner and was mainly attrivuted io missiles gmneraled by the diffraction
zrd drag phasoes of the blast. Other secondary damage inveSligated briefly was
die waindy o the nature of the chemical processes themselves (such as a iguid
oxygen spill from = ruptured siorage tank). Appropriate references [13.14,15]
were used where spplicable. All damuge effects were related {0 the overpres=ure
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level at which they occarred. Three wespon effects--electromagnetic pulse
(EMNiP), direct-induced ground shock, and air-induced ground shock--were not
considered with respect to their effects on individual chemical equipment com-
ponerts but possibic implications are presented.

Electromagnetic pulse (EMP) fields zre reported (in the open literature) to
be of sufficient intetsity to produce appreciable degredation of communications,
power, and computer systems even outside the rarge cf extensive blast damage.
Although the compluxity ¢f these systems and the many possible interactions
preciude the deveiopment of detailed vilnerability assessment procedures {16},
some implicatiens can be made. I the EMP effects cause a power failure, the
subsegient unschrGuled shut-down of the plant could causSe serious damage, in-
cluding secondary fires and explosions 31}. U the EMP effects disrupt commeni-
cations within the plant or erase the magnetic memory of the computer in a highly
automated plant, the piant might experience an unscheduled shut-down with simi-
lar disastcrous c¢oaseguences. A proionged power outage also wouid effectively
disrupi ke capability of the computer.

Direci-srduces ground shock can cause damage to underground lines and
cempoyzeuts of chemival planis. ihe degree f damage fallicg off rapidly with
distance fron grovid zers. i in 2xpested that underground components will
receiva sigzifican. Jamage caly within the zone of plastic soil movement. Since
thig zone. is refarively small and would simultaneously be subjectcd to extremeiy
Biza overpressure and thermal levels, the direc4t-induced ground shock. is felt
» De of minor significance. A special case occers {u; chentical plants located
in the vicinity of a body of water in which ihe nuclear delanmiies cecars [17).
Under these conditiotis, cvupling oifects could produce siguificant structusd
damage in razges where the air biast effects would produce no such damage.
However, additional rescarch is necesszry 1o establish the extent of the prob~
iems Jikely to be created by direct-induced ground shock.

air-induced ground shack is expected to cause viriually no damage to under-
eroanc chemical plant compenents at surface overpressure levels below 15 or
25 psi. Sbeove this Jevel, damage is expected to occur, with severity iscreasing
with overprezsurs. It wzs concluded {1] that the preseat proficieacy is not suf-
ficiently advanced to aliow even approximate guantitative prediction of damage
resulting from given overpressure levels,

Damage Estimation

Tae estingaticn of the probable damage to the variocus equipment modales
considered in this study involved assessing the mudule to determine the most
likelv failure modes and, using siandard engineering formulas, calculating the
overpressure jeve: at whick the element would fail, Since gereralized damage

o wy

s
RTO

e L T

P R

DR LRI T| N IT Y 75 | T WIPRIEs

7 s

Y

gy

¢ 5y

[

reralall

1ove ey

Je PR awnha b s

i AN

KK er rres




- e TH oA s e R e Mmoo K WSS T Tt s

URS 687-4 37 3

estimations of equipment modules are desired, standard design criteria (for
example, 190-mph wind force) with appropriate safety factors were used to
2 arrive at a structura} resistance to blasi effects for a given module. From
'; this resistance, the faiiure-overpressure was calculated. Realizing that cal-
b culated failure levels would not be accurate for all types of any given medule
% or even for two identical types, we derived a mathematical meihod of assess—
] 8 ing the probab:lity of failure for a given loading condition based on observed
-8 structural failere response. These prohability-of-failure factors were apglied
to the calcuiated failure levels and an overprassure range given which corres-
ponded with failure probabilities of 1 percent, 50 percent, and 99 percent. Appen-
dix D presents the rationale and a more detailed discussion of the procedures used.

Tiwo factors aifect the severity of damage at any given cverpressure levels:
: the directional orieniation of the element to the blasi wave front and the proxi-
; 3 mity of the element to other compcnents or structures. In the dircetional
orientation of 2 chemical equipment component, the worsi-case orieniaticn was
- assumed {that orientation preducing the greaiest damage from biast effects).
. The proximity of componenis ic other components or structares also zffects
g the severiiy of damage resulting from both missiles and reflecied overpressures.
Teae significance of missile damage is discussed delow. Reflected overpressure
was not examined in detaii due to a lack of specific information regarding equip-
ment location relative to possible blast-reflecting surfaces.

Resuits

The validity of the damage estimates that were prepared for this study would
be in the rarge of a "'study estimate" as defined by the American Association of
Cost Engineers {18]. This means tLat the damage estimates would have a prob-
able error of ro more than plus or minas 30 percent, based on the stated over—
pressure. If the damage estimates are to ke applizd to eguipment that is either

3 considerably larger or consiferavly smaller than the standards used icr this study,
the probable error would be greater.

"

IS

A T T At

Damage estimates were prepared for chemical equipment in both an operat-
ing and a shui-down condition. In many cases, there was litile or no difference
in the equipment damage predicted for the two modes. However, secondary
hazards could exist if the chemicals contained irside the equipment were aliowed
to ieak or spill. The major exception to this tenet involved steorage tanks and

process vessels-—empty tanks or vessels became more suscegtible to damage
at lower overpressures.

K
X

: : Appendix E describes the damage for each chemical eguipmeat ard cuxiliary
: 3 module. The damage predictions are based on actual comiputations invelviag
response of the materiais making up the modules to the varicus weapon eifects.
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Far each damage description, the cause of the damage is noted (diffraction,
drag, missile, or a combination of these three} with the overpressure level

at which the failure wouid occur for an estimated probability of i percent,

20 percent, or 99 perceni failure. As an example of the use of these charts,
at 6.6 psi, there would be 2 50 percent probability that a distillation column
{C-1) would have external pipe severed at the ground connecticns due to deflec-
tion of the column. |
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The findings for overoressure and dynamic pressure evaluated in detaijl
were:

ANERD UEAE EXRR 2,

4

> ® Overpressure (diffractior phase) was found to be a major cause
- of damage to buildings. sterage tanks, cooling towers, electro-
k Irtic celis, and controls. In other instantes, it was a contribut-
ing cause of damage with other weapon effects.

47 2270 2 7% gvtad LT 5 Sy Xl

4 : e Dynamic pressure was fourd to be the major cause ¢f damage to
certain exposed equipment components. These components were
columns, process and pressure vessels, heat exchangers, punps
and drivers, compressors, most of the special equipment, pack-
age unitis, ana piping.

¥R

The findings for those wezpon effects assessed only on a gualitative basis
were:

¢ 1lissiles were found {¢ contribute significantly to the damage of
nearly all equipment compenents. Those elemeats located inside -
buildings or in relatively built-up areas were damaged primarily ”
by missiles geaerated by overpressure effects. Elements lccated
outdos* s in less buili-up areas received damage from missiles
propelled by the drag effects of ihe dynamic pressure.

e Thermal pulse was feund to cause varyving bui relatively insignifi-
cant damage tc the equipment componeants. The most significant
effect of the thermal pulse was its initiation of primar ‘gritions
acd its contribution to secondary fires, the effects .sf wumch could
not be covered in detail in this study.

A wide range of damage response versus overpressure &xisted for the
equipment components in the study; severc damage levels. for instance, ranged
from 3 psi for 2 cooling tower 0 2! psi for 2 horizenizl heat exchanger. For
preseniation purposes here and in pregaring the repair estimates for the next
section, drmage corditions considered are for the 50 percent failure probsbility
and the corresponding overpressures. GCenerally, the vuinerability of the chemi-
cal equipment mcdules io damage can e delineated in three broad classifications:
sofi. where severe damage" is experienced below 5 psi: medium, where severe
* Severe damage as used here refers io severe distoriion of the equipment frame

and, or displacement of ithe equipment off its mountings.
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damage is experienced between 5 and 10 psi; and hard, vhere severe damage
occurs at greater than 10 nsi. The list below shows exampies of chemical
equipment modules in these classitications.

Soft. 2-5 psi
Controls
Ccoling towers
Fired furnaces

Yiedium, 5-10 psi

Pipe racks

Blowers

Mercury celis

Rotary vacuum fiiters

Hard. > 10 psi

Heat exchangers
Pressure vessels
Compressors
Pumps

Diaphram cells
Storage tanks (excep: spherical)
Control buildings

Screw convevors

Columns

Aiultiple effects evaporaior
Package boilers

Steam and eleciric drivers

Cenirifuges
Spherical siorage tanks
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REPAIR ESTIMATES

Repair estimates were prepared for the 46 equipment modcles at each indi-
cated level of damzge. The Rogers FEngineering Company assembled a panel of
experienced enginecrs from tkeir staff pius a representative from UiiS and for
each equipment module at each damage levei, evaluaied the effort in man-davs
to complete the repzir, the time necded for the repair, the specific Iabor skills
reguired, special constructicn equipment needed, and rescurces necessary for
repzir (supplies and spare par:s}. This evajustior was periformed by means of
engiceering judgraent and standsrd consirection esiimating techzniques. The
various equipment modules were assigned for estimation to individuzls on the
panel according to their expertise. Each engincer avdited ibe estimates g
achieve a group consensus.

Repair Criteria

In a2 pestatiack environment, there would be many limiizticns ¢a the repair
cf any phrsical faciiity—whether a chemical plant, an electric atility. or 2 school
house. Undoubliedly there would be shortages of ine necessary skilied iabor,
equipment, 2nd supplies. However, as it was bevond the scope of this study to
take such diverse faclors inio accouni, the following criteria were used for deriv-
ing the repair estimates for each compenent:

o All repairs would be performed by skilled repair personnel using
the equipment, supplies, ard facilities normaliv available under
preatiack conditions, unless otherwise noted.

e The repaired system would be virtualiy identical {o the original
{preattack) svstem from ihe standpoinis of design. perfermance
capabilities, operational requiremenis, relizbiiity, safety, and
longevity.

The foilowing basic assumptions were maée for all repair estimates:

® No unusual envirenmental conditions (iaclement weather, frozen
ssil; flooding. high groandwster table, falloui radiation, fires, or
remote or inaccessible location) are present to interiere with the
Tepairs.
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e Travei time to and from repair sites is not included.

e Time is allowed for the field testing of each repairei element but
act for testing the entire system following repair.

e The values given for repair effort do not include the time spent by
supervisory personnel above the level of “foreman. ™

Results

Appendix E presents ithe results of the repair analysis in tabular form.
Both damage and repair estimates are keyed to overpressure, with other wea-
pon eifects cited specificaliy as applicable. The vahidity of the repair esti-
mates were in the same range as that of the damage estimates {a “studr esti-
maie”) and shouid be 2ccurate to within plus or minus 30 percent. A furtker
refinement of the repair estimates reflecting cifferent sizes of the same piece
of equipment is discussed in Section V.

in general, the repair effor: required io restore the chemical equipment
componeats {2 an operating mode refiected hoth the complexiiy of the piece of
equinment and its vulererability to blast damage. To illustrate this point: a
direst fired healer is a lzrge compiex piece of chemical equipment and is also
structurally soft (it suffers severe damage at iess than 5 psi): consequently, it
required the largest repair efiort (100 mar-dayvs). A 2,500 hp centrifical com-
pressor, also a large complex item. of equipment but struciuraliy very hard,
required only 47 man-days of repair efiort st its severe damage level. For
the most part, the chemical equipment modules in the hard category required
less repair eifort than the equipment modules in the soft and medium categories.*
In addilion, the type of repair was much different since most of the equipment
classified as hkard suffered little or no internal damage and reguired only realign-
ment or resetting on fousuations. Eguipment modules in the medium and soft
calegory required the greatest repair effort since the majority of this equip-
ment wouid experiecce both externzl and internzl damage at the severe damage
levels. While the type of .epair was varied, generally it required some form
of complete rebuilding.

As an exzampie of the use of the repair estimates (using the example given

; above), the repair of a distillation column at 6-1/2 psi wounld require 35 man-
: . days of remair effort; take 4 duys to accomplish; require a crane, oxyacetyvlene
3 : cutting torches, rigging gear, and electrical welding machines; pipes, miscel-
ianeous wrenches, and gaskets; and a repair crew comprising of 4 riggers, 2
equipment operators, 1 wilivTight, 2 pipe fitters. 1 ironworker, and 2 certified
welders.

* Or. as a corollary. mesi "hand"” components, because they zare often desigued
to operate under the siresses of very high pressure. are less complex than
“soft” comporenis and hence less subject to extensive repair requirements.
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MATHEMATICAL MODELS
FGR REPAIR ESTIMATES

in a previgas study f1], a mathematical model was developed that used an
exponentiat fanction relating repair effori to overpressure. The purpose of the
matiematical modei was 1o take the daiz for the repir of individuai equinment
components {such as that presented in Appendix E) and exnress them in a more
compact ané facile form. The mcdel served another purpase by xllowing infec—
polaticn between datz points so ikat a repair efiort could be expressed for every
overgressure level. As mentioaed in Secticn I, all weapon effecis considered
icverpressure, dyramic pressure, missilés, and thermszl pulse) have beer re-
laisd io one effect: overpressure. Heonce, ever ihough overpressure is the
index used, aif effects that contritute te damage 10 a given component are im-
olicit in this index.

This matsematical model {with some revision) satisfactorily related the
damage at variozs levels cf overpiessure io the estimaied repair effort for each
of the 46 chamiczal equipment ¢compsnents studied. The mathematical fimefion
usad to express this relaticnship is:

k3 |
~ki-xy
R=Ljl-¢ & J

:e

wnere

R = repxis effort {nizn-days)

L = maximum repair efiert (ozn-days)

D = cveroressvre {psi}

X = Icwest orerpressure 59 percent proeiability estimete) at whick
damage is vbserved. psi

~ empirical censiant for a given equipment module

= empiricai constant for 2 given equipment module

L]

Empirical constants, to give an expressicn that best §it the datz for repair
estimates of cach component, were found by successive itarations.

Resuiis

Geasizlly, e mathematical fiimetions exdress ke damage/repair reiation-
siip of mot? of 1he chomics? equipnent components in 2 highly satisfaclery man-
rer. Figwore § shows three typical examples {an electric moier. 2 rotary kiln,
and a centnlar - K5 thelr earresponxting mathemutical parameiers) of the corves
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Figure 4 ;

REPAIR EFYORT VERQSUS OVERPRESSURE LEVELS FOR THREE CHEMjCAL
EQUIPMENT COMPONENTS
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obtzined far the chemical equipment compo<eris. These curves are representa~
tive of the accurze; 6f the cwrve fits (¢ the data plints abtained by the mathemati-

cal model. As wos found with the previous study £1]), de~iaZions of the model
from the caiculated values do occur, usually for low replir efforts (therefere
of less impeytance). Y owever, "study estimate™ validity (aceucacy to within
plus or minus 30 percent) 1s the premise emyZcyed.

Repair Versua Capanily 3Model

The size or capanity of a typical equipment csraporent varies witely tkrough-

out the chewieal irdustry (a distiilation colurin may ke as short as 2¢ ft er as

tal} 25 380 1\ ard since ke effort reyuired to x2pair a chepiical cquipmest com-

posent in most cuses riyxies witk size ¢f thz compunent, this faclor had to be
faken Tit0 =ccouni. Another poathormatical wxpression was develdped o allcw
scaling or the repair effurl angd the scaling factor—differest for each piece of
chernical eqiipment—atiowed the sealinZ of repair effort to match the size (or
camacityj of a given chemical equipsment pomponaat. This flexibility permitied
a more precise astimate of repair effor: for each typical piant. In additior,
ihe scaling facter was a time-saving desice since it permitied 2n easily deter-
miaad repair estimotiap for any comperent na! of stendard size.

Sealing Model

The exprassion fs¢ the realing Mactor was éerived empiricsily from the
repcir effort daia suvnnlied by Rogers Engincerinz. For each chemical equip-
men: compsaest, the deierminziizn was mzude on the type of repair performed
ai each damege level. and whether the repair would change with Size fvelding
2 sezm on a large or small tand} or rer:ain the same despiie a size variation
(replacing insirumentaion gzuges). The repair estimates for three sizes of
the same piece of equipment were then graphically depicted and the foiiowing
equztion xas derived {o represent ihe graphical results:

Sf = m(‘g—) +b j
where
Sf scaling factor for a given chemical eqguipment component
m - empirical constant for a given equips:ent component
C : capacity or size of eguipment compsaent being investigated
C capaciiy or size of equipment component siandard

& cmpiricai coensiant for a2 given equipment component
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In ase; the scaling factor is multiplied by the repair effort derived from
the mathematical ncadel (ev3. 1) for the standard eguipment component, to give
ec. 3, which represents the relationship between Jamage and repair for an
equipraent coinponert of any given size:

v l 1
- _ k¥ c_ .
Rs =L (1 e ) mn \c ° l) &)

o
where Rs = repair effort for any size componeast (man-days).

Fesultls

For each of the 46 equipment modules, Table 5 lists the 7 parameters that
were used (L, Kk, %, ¥, m, b, C/) to defize the repair effort for that equipment
component in the mathematical model. The scaiing parameters (m and b)
varied a7 diffe-ert oversressure leveis for several of the chemical components
and are indicatod i the table. Table I indicates several variations of scaling
that have {0 be taken inio acccunt. In some cases, a piece of chemical equip-
ment will nct vary in size but is truly a module (2 medular equipment compenent
would be manufactured in one size only) and more of the same size module are
aGded when an increase in capaciiy is desired. This type cf equipment is identi-~
fied by the term “modular” in the m and b ecolumns. In another case, the repair
effori for a given piece of equipment varies directly with 2 certain standard
dimensioz (Cg) 2nd in this case = 1 and b = 0. Finally, ir some instances,
the repair cffori remains constant for any size of a given equipment component
and is sa designated in Table 5 whkere them =0, b =1 and C is left blank
{the size of the equipment is not relevant).

The technical literature {13-24] contains many articles concerning the
scaling of chemical equipment by size or zapacity. However, the literature
reviewed ases either the initial cost or installed cost in doilars of the chemi-
cal equipment versus sSize or capacity as the units of measure. The scaling
method uses for this study is different from the methods usually feund in the
literature* ard is not directly comparable to the results that these methods give.
The rezson is that the equipmen: scaling method ir: this report is strictly con-
cerned with the repair effort for different sizes of chemical equipmen?; whereas
the standard, cost-versus-size methods are concerred with ihe overall cost
of purchasing awd insialling a chemical equipment coniponent and include many
other cost factors besides the aclual installation labor {such as shipping, mate-
rial cost. and maruiacturing labor).

- The ¢classical method is the exponential capeity-adjusiment techninue that
uses a2 censtant exporent value of 9.6 for most Lypes of processes. An
example of this methed is gives in Refercace 21.
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x To find the repair effort for a 1,000 hp centrifugal compressor at 12 psi, for
{ example, use the parameters given for a centrifugal compressor (C-24) in Table 5
= ? and substitute them in eg. 3 as follows:
]
)

2
B
5
E
E
E

TR o A S i, e g et g bl
s ot e

£ & L=51 m= ©.51

: = k =0.11 b=0.45
F 3 x=2.9 Co= 2,500 bp
: y=1 C=1,000 hp E
: 3 p =12 G
. 1
. . -0-11(12-2.9)1][ _, 1003 .]
= Ryo psi =21 [1'e B-51555p * 0-45 .
: - = 21 man-days of repair effort ; :
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; FOR TYPICAL ESTABLISHMENTS
: AND INDUSTRIES

Procedure

. The SiC 281 industry group was differentiated successively from industry
group to industiry, to product, to establishment manufacturing the product, and,
ultimately, to basic prccess eguipment of the establishments. At this lowest
common deaominzior—the process eguiprieat common {o =1l establishments and
industries within SIC 281 group—detailed damage and repair analvses were made.

e e T L L T

Using a mathematiczl model derived in Section YV for each item of process

3 egquipment, it is possible {0 estimate the repair efferi G0 percent failure preb-
abiiity) versus overpressure for each of the typical establishments by assembi-
' ing the process eguipment required for sach and adding up the repair estimates

for the constituent process equipment. The toial repzir effort then is estimated
for all tke manufachuring capabilify involved in tke total production of the chemi-
cal products. This is done by comparing the &ypical establishment®s annual
preduction of iis product with the total anneai production of that product. This
ratio 2nd the repair estimate for the typical establishment are used {o derive
- the repair estimate for the total preduct manuiacture. (This estimate includes
factors necessary to account for “atvpical™ estabiishments, that is, establish-
ments with production capabilities, products, and process eguipment different
: from the typical.) Ullimately, repair estimates for the 281x industries and 281
S industiry group can be oblained in this same manner. Figure T shows this inte-
4 graiion process. At each of the levels the repair estimates for items in the
; tvpical unit are summed aed repair estimates for the atypical units are either
} : estimated or otherwise compensated for. For example, at the establishment
level (five or more digit SIC code), we studied a 400-ton per day chlorine-
5 caustic plant that produced only chlorine and caustiz by the Hooker process.
; {Apperdix C gives an analysis and report of the process equipment; Appendix E
H indicates corresponding damage and repair estimates.) Otker plants with differ-
ing production capability were not examined in detail. We did not study a chlorine
2 plant using DeNora cells, nor did we investigate byproducts such as seda ash.
3 ligne, we have had fo calculate the repair estimate for total chlorine-caustic
’ proeduct by including considerations for atypical as well as typical establish-
meats. These cstimates were of a gross nature and often no more than a simple
extrapolation. Important exceptions will be noted. The use of such approxima-
tions does decrease the reliability of the repair estimates increasingly as the
integration of the irdustries progresses, but the results, even at the 3-digit SIC
level. are believed adequate for general planning purpcses.
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URS 687-4 61

Repair Estimates for Typical Establishments

Repair estimates for a typical establishment are obtained through the sum-
mation of the repair estimates for all chemical processing equipment in that
particular plant. Though simple in concept, the actual practice is complicated
because of network-type components (such as control wiring and miscellanecus
piping). The network-type components were usually accounted for by the use of
an appropriate rule-of-thumb. It was generally assumed that miscelizneous
ccnduits and piping not carried on pipe racks (component C-37) accounted for
an additional piping quantity equivalent to 20 percent of the pipiug carrizd on
pipe racks. However, variations compensating for individual plant characteris-
tics were used when riecessary.

Figure 8 preserts the results of this summation process for the five estab-
lishments considered (Figures C-1to C-5 show plart layouts). It was fecund most
convenient to obta:n initial results by summation at several overpressure levels
as this provided a basis for derivation of a mathematical expression for each
curve thus generated. The mathematical expressions cerived for these curves were
all reduced to a common equation which is identical to Equation 1 except the repair
effort parameters and empirical constants are now applicable for ihe individual
establishments rather than the equipment components. Table 6 indicates the estab-
lishment parameters used in deriving these mathematical expressions.

Table 6

MATHEMATICAL MODEL PARAMETEXS
FOR TYPICAL ESTABLISHMENTS

Size Parameters
Establishment (tons/day) L k x v
Chlorine/caustic 400 12,600 0.083 0.5 2.0
Oxygen iod 5,510 0.005 0.5 2.4
Ethylene 685 25,600 9.01 0.1 2.2
Sulfuric acid 1,000 11,575 0.002 0.2 2.9
Ammonium nitrate 240 2,260 6.02 0.5 2.0

In Figure 8, damage level is expressed as overpressure (in psi), and repair
effort is expressed in total man-days for the typical establishments with the indi-
cated production capacities. The use of normalized repair effort, expressed in
man-days per ton por day of production capacity, is not permissible since repair
effort scales differ =ith size for the different establishments.
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REPAIR EFFORT AS A FUNCTION OF DAMAGE LEVEL FOR
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In crder to examine the scaling of repaix effort with changes in plant size,
a secoxd damage versus repair iteration was performed on two additional plants
for each of the five typical esiablishments, using capacities different from the
typical. These results were depicted graphically fer each establishmesnt type
and eq. (1) was then dcrived to represent the graphical resulis:™

n
ropr {CL
R_P‘O(C’ ) &)
¢

where

R'o = Repair efiort for the typical esiablishment

C'o =8iza or ¢apacity of the wpical establishment
C* =Sjze or capacity of the establishment being investiyated
R' =Repair efifort for tke establishmert being invesiigaied

n =Scaling faclor

Table 7 indicates the scaling facicrs for each chemicat esiablishment siudied.

Takle 7

SCALIXG FACTOREY FCh REPAIR EFFCORT VERSUS SIZE
FOR THE TYPICAL ESTABLISHMENTS

Regair
Capacizy Efficei~~ Scaiing Factor
Typiczal [siablishment (C'n. tonz/dav) {man-davs) (o}
Chlorinescausiic 200 (chlorine) 7.300 0.71
Oxvgen 199 3.201 6.61
Etbvlene 655 12,500 9.71
Ammonium Nitrate 210 1,000 0.55
Suifuric Acid 1.000 5,200 9.38

= The form of rhis egualion is simiiar to that one used 1 the chemical indusiry for
scaling estimated plant costs: zn exsmpie of the use of this eguation ST scaling
ic given in Referenes 18,

=* Tae repair efiori crosen for examination here corresponds t6 39 percent f
the maximum repair efiort {or each of the typical esiablishments.
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Two useful indices can now be derived from Figure S and Takle 7--deha
damage level and 50 percent repair effort. These indices are being employed so
that the various establishmenis can be compared on a2 common hasis. The delia
damage level correspunds most closely with the moderate damage category com-
monly used in nuclear weapon effects terminology. The 50 percent repair effort
and éGelia damage level indices are shown on an example carve below:*

REPAIR EFFCRT

QRO ARG Faor i o

d

30 Percent
Repcir Effort

_/ ! Deltc Domoce Level *
DAMAGE LEVEL

: A For any particular typical establishment. the deita damage level »as not

£ found {o vary significantiy with changes in plant size. For subsequem damage
2 estimations tke celin damage level was rommded off to the nearest iniegral psi.
r The 50 percent repair effort index deperds on plant size. and comparisous of
E this ipdex should be made ucing esteblishments having the same producizon

E - capacity. These iwo indices are dispiaved in Figure 9; ithere is no correlation
= betwzen delta demage level and 50 percent repair efferi. For example, the

3 chlorinescaustic plant is the moest vulnerable {i.e., damage occurs at the Josrest
: overpressure levesn and it is aiso ene of the most “expensive™ to repeir. On
the cther hand, the sulforic acié plant is relativelv “hard"”and regair effori iz
3 relatively lox.

P IR PAL see

2
-
TR

{2 00

3

e
, 3
’ i * Tor exumple, ihe maximum repir efiori for an ethviene plant is 25,600 man-
E ) dayvs; the 30 percent repair effort is then 25,60072 = 12, 800, which corrzsponds
A A to a delia damage level of 7.9 psi.
5 g &
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Despite the Jack of correlation on a plant-by-plant basis, the relationship
between delts damage level ard 50 percent repair cifort appears fairly consis-
tent. within a given SIC 281x industry, as is discussed in Section VII. The two
typical SIC 2519 esiablishmenis (ammoniam nitrate and sulfuric acid) have
relazively low repair efforts, which indicates the simplicity of their manufactur-
ing processes in comparison with those of the other three establishments.

Repair Estimales for the 281xx Chemical Products

A proper representation of different chemical plant sizes was reguired to
extrapolate the firdings of the typical establishment anzivsis tc the toial produc-
tien of the chemical products being represented. Since the basic repair versus
damage data were tied to the typical establishment capacities, the repair effort
fiad to be scaled to plants of different sizes; the scaling factors derived are
given in Table 7.

A stepwise procvecure was used to extrapolate ihe results of the fypical
establishment repair analysis to ide 23Ixx chemical produci. The first step
entailed selecting 2 spectrum of representative plant sizes. Then, using the
scaling factors of Table 7. the total repair effert for this mixture of estabiish-
ments was caiculated. By comparing ibe production of this assoriment of pilants
with the foial annual production of the chemical product, it was possible to cal-
culate the repair effort rcquired for the total production of the ctiemicais
involved.

Regair Estimates for the 281x Industries

The extrapolation of the repair efforis for tte 28Ixx chemmical products to
the 281x industries was performed using the 1965 ammual productiosn of each in-
dustry as the besis for the integration procedure. For the 2812 indusiry, 2
simple ratio of the annual production of the chlorine/caustic industry to the total
2832 industry annual production was used to extrapolaie the repair estimates,

A similar procedure for the 2813 irndusiry used the proéuction of oxygen, nitrogen,

and argoa relative to the total 2813 irdusiry production.

A semewhat differeni precedure was emploved in ascertaining the repair
efiort for ibe 2818 indusiry. While ethylene is the iargest volume chemiczl
procuced in tha 2818 industry, it also utilizes one of the simpliest processes
of the industry in manufaciviing its prodact. Thereifore, to {ake irio accouni
the increased complexily of the rest of the 2818 indusiry, the repzir efiort for
the ethrlene piant was doubled, and the ratio of its producticn to 2518 industiry
production was used to arrive at the final repair effort for the total indastiry.
The facior of 2 was derived by comparing tbe price per ton ci ethylene to
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the average price per ton of the total production of all chemicals of the 2818 T
industry. ;

L

Extrapolation of tha tyvpical plant results to the 2819 industry was somewnat
: more complicated. Since both liquid and solid chemicals sre produced in the
: S 2819 industry, the sulfuric acid industry was used to represen: the liquid chemi-
; L cals portion of the industry (excépt for ammonia) and ammonivm nitraie was used
3 - ) to represent the solid chemicals portion. The ammonia industry is unique and

represents a sizable segment of the 2819 industry {11 percentj: therefore, it was

E given special consideration. The ammania process. which is classified in the
3 k- 2819 industry, is more representative cf 2 petrochemiczl process, arnd there- ;
fore the ethylene plant was used to represent it. These three typical indusiries
; ’ were then extraposiated to the 2815 incdustry by using their respective repair
efforts and the ratio of the liquid chemicals, solid chemicals, and ammeoniz
production to the {otai 2819 indusiry production.

AT o

£t

Results of the integratior process for the 281x irdustries are shewna in 5
Figure 10 for the 2512, 2813, 2818, and 2819 industries. The relationship be- -
twean repair effort and overpressure leveis was fourd io fit the matkematical "
: . model expressed in eg. 4; the curves shown in Figure 106 (with their correspond- ‘ ,
: ing parzumneters) are based con this mathematical expression.

Repair Estimaies for the 281 Industrv Group z

o y
PR R
1

Two of the six industries (2315 and 2816) that make up the 281 industry group
#ere not analyvzed in detail in this study, since they are a part of the 281 industry;
however, approximations as to their repair efforts were reguired. It was
assumed that the repair effort for these two industries woeuld he proportionai to
e total repair effort of the other four industries that were investigated. The
exirapolation procedure was similar 20 that used previcus!y. The ratios of the :
3 > annuai production (in tous) of the 2815 and 2816 industries to that of the totz! 281 3
3 - indusiry group were muliiplied by the summation of tke repair effort for tke other
; four industries o obtain the total repair efforis for both the 2815 and 2815 industries--
. eguivalent to 7 percent of tie totz? for the other four industries.

v

R SRR
(A3 T Ul Y
4

Table 8 skows fer the six 281 indusiries. the repair effort in man-davs for each

B : industry per annual usit of outgut, and the repair effort in man-days for each industry
: as a function of the 1565 MVA of each industry. The resulis for the four industries

5 {from Figare 19) were then summed over the 1 to 25 psi range of overpressures :

iplag the fixed 7 percent effort £ zccount for the 2315 and 2816 industries) {o arrive

E 5 3t tve iotal repair efforis for the 281 industry group as a function of overnressure level R

3 {Figure 11). In ihese calculations, it was assumed that 99 percent of ihe preaitack ‘
9 production capzbilily is restored by the remair effort; this allows for ihe noncritical 3

E, 2 components tkat could account for 10 percent of production capacity (see Seciion M.

3 : The mathematical meodei (eq. 4) was the basis for the curve in Figure 1i. 3
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Repair Effort for 281 Industrv Group
Based on Geographical Distribution

Based on the geographical distribution discussion of Section I, it might be
expected that a nuclear attack concentrated on the SMSAs would ieave approxi-
mately 30 percent of the 281 industry group production capability unscathed.
The repair effort required for such an attzck may be discussed in terms of
Figure 11 {o give the following example: assuming that all exposed establish-
ments in the 281 industiry group experience a damage level of 3 psi, the total
required recair effort would be approximately 900,000 man-days. M the over-
pressure level were raised to 4 psi, the repair eifort required would nearly
double to over 1.5 million man-days.

Comparison of Repair Effort
with New Construciion Effort

For the electric uiility industry, 1t was fourd [1] that the maximum repair -
efifort required after nuclear atiack approached new construction effort (nut
including site preparaticn but including debris removal). To check this para-
meter for the chemical industry, the data shown in Table 9 were assembled for
four of the five typical plants studied. In all but one case, maximum repair
effort costs exceeded the estimated new consiruction costs, reaching a maximum
of 240 percent for a sulfuric acid plani. Tke reasca for the wide variation G5
percent {o 2310 percert) is nol immediately appareat, but. when plotted (Figure
12) the complexiiy of the plant {as measured by capital cest in dollars per ton
per day of rated capacitly) is found to vary regularly withthe ratio of repair effort
to capital cost. Figure 12 can be used to make gross approximations of maxi-
mum repair effort when only plant size and capital costs are known, affording
a useful tool for estimation purposes when Iittle information is available. For
example, if the cost of a given plant were known to be $5,000 per ton/day of
rated capacity, the estimated maximum repair effort would be (Figure 12):

0.0040 &n;ia“i x 55,000 =20 man-davs (per ton/day of capacity)

v

The data from Tabie 9 and Figure 12 serve io confirm the validity of cur
repair esiimates since we find, as with the gas and electric atilities, that maxi-
mum repair effort costs approach or exceed new construction cosis. For cases
in which repair effort exceeds new construction effort appreciably, it is hypo-
thesized that we are dealing with components that are readily constructed
initially but are most difficult io re-structure after damage. Similarly, for some
items of egquipment, perhaps even for entire plants, it mayv be necessary to de-
cide whether complete razirg might rot be mosi advaitageous when damage
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is severe. {Of course, razing wonid not apply to underground components ard
founistions which covld be salvaged.)

Another check on the magnitude of cur repair estimates can be made by
comparing the maximum repair effort for the SIC 281 group (13.2 x 10° man-
uayR from Figure 11) o the normal, onguing construction activity of the SIC
281 group. Using the 1965 figures i1 capital construction costs [4] and a labor-
to-construction ratlo 18], it was possible to cempute the actual man-days of
1abor thai went into the cew construction effori. The results are given in Tabie
10 which shows that the new censtruction effort in 1953 was approximately 20
percert of the maximum repair effort that would be reguired tor the 281 indus-
try group. In other words, if the “normal, " undamaged capability of the chemi~
cal construction irdustry could somehow be directed to reconstructing the heavily
damaged SIC 281 industry, the required repair time would be approximately 5

years.
Table 10
COMPARISON OF 1965 CONSTRUCTION EFFORT IN THE
281 INDUSTRY GROUP WiTH REPAIR EFFORT
AMap-Day's of Repair Efort Ratio of New
281 Xew Construction ir Man-Days  Construction Effort

Icdustry Effort in 1965* at 25 psi 1o Maximum

Greup aod) 10> Repair Effort
2812 135 1,350 0.103
2813 167 1,320 0.127
2815 3153 730 0.268
2815 23 119 0.2:13
2818 1,320 €, 859 0.222
2819 693 2.578 0.216
Total 2,619 13,209 6.397

* Excludes man-éays reguired for foundation work and painting and in-plant
empioyees cngaged in rouiine repair aclivities. Tysically this lader forze is
small and wouid not increase ike "New Censtruction Effort™ ictal appreciably.
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Compariscn of Resulis

Advanced Research, Inc. kas conducted two studies {14, 26} dealing with
damaze and repair of marufacturing industries—the food indusiry group (SIC-20)
@ the petroleum indusiry group SIC-29,. Although the focd and chemical
groups have little in common, some equipment is similar (e.g., heat exchangers,
storage tanks, vacuum filters ectc.). Howzver, it was impossible to compare
results of the above study with those obtained in this study, for two reaseas: the
repair estimates concentraied mainly on building repair with little emphusis on
equipment, and even when repair estimates for equipment of interest were givey,
they were only grass estiinales.

The petroleum industry group is similar fo the petrochemical industry {5IC
2818)j and empleys comparable equipment in ils processes. Althoagh the Advanced
Research sindy of petroleum refinerics [14] concentrated on Zamage and repair
of ecquipment, it was very difficult 0 compare results since a rumber of
speciiic items of auxilliary eguipmen! (e.g., heat exchanger) were not enumerated
by Advanced Research for the processes they sindied. In only tvo cases was
direct comparisen possibie; in ihese cases the repeir efforts reporied by Advanced
Research for repair of cyiindrical storage ianks and a cooling tower checked within
20 percent of the repair efforts for similar size eguipment derived in this study.

In a {hird case, Gy making some assumpiions as to auxilliarv equipment, it was
possible to compare resulls for an 80, 000 barrel/day crude still*; in this case,

the Advance Research results were a factor of 2 higher than our resulis. Aiithough
these comparisens indicate reasonably goed agreement for the cases cited, the
Advanced Research resulis for the peirslenm industry are of limited usefuiness for
our purposes because of the iack of identification of process equipment and the
failure to inciude infermatiorn on support and auxilliary cemponents (stech as con-
trols. utilities, and pipe racks).

A recent SRI study, a part of the Naiional Eatity Survivai (NES) Study |27
invesiigated repair effori as a2 function of damage jor various mapufacturizg seg-
menis of the econemy. Included in this study was ke SIC 28 mzior group {chemi-
cals angd allied products) of which the SIC 251 industry group is a part. By using
ihe ratio of the SIC 251 MVA to the MVA of the SIT 28 n:ajor group, it was possi—
ble to derive a remair efiori for the SIC 281 industyry group that could be compared
with the results of this siudy. The outcome cf this comparisen shows that the SR1
results, based on repair efforis (in mzn-days) per §1,000 MV, were a facter of
2.2 and 2.6 greater for overpressures of 3.4 psi and 5.3 psi, respectively, than

* The crude stiil precess was assumed o consist of two tswers or columns,
various neat exchangers, pumps, and piping.
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were the results of the present study. This agreement is remarkably good for
esiimates based on two such different bases. The present results have greater
validity, however, for they are based on detailed analy<es rather than, as for the
NES results, on the extrapolation of limited data to 2 related, but nonhomogeneous,
industry {i.e., SIC 28 group). The current findings, especially the considerably
lower repair effort, skould be incorporated iuto the NES study as scon as pessible.
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TIME-PHASED
REPAIR AND SKILIS
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The time-phased repair analyeis was performed to determine repair require-
ments in texrms of both man-days and manpower skill classification. it aiso pro-
vided information on the numbex of workers required during any given work period
(8-hour shift) and how their skills would be scheduled throughout the course of the
Yepair program.

ANERAL L SO AT

5 570y

The time-phased repair seguence was prepared for the five typical establish-
T f: menis at the delta damage level for each plant, that is, at the overnressure ievel
i s for which 50 percent of the maximum repair efiort is required.

Procedure

The Repair Amlysis Sheets (Apgendix E), the mathematical models for each
typical piant, and the experienced judgment of the Rogers Engineering staff, pro-
vided the basis for time and marpower skill schedules. I was pecessary to alance
such factors as crew size, working space, type of repair, equipment requirements,
k- and job compietion time to arrive at realistic repair sckedules. From such basic

- informaticn, time-phasing for repzir of each plant was estimated and total manpower
3 requirements for each plant was deiermined. These time-phase repair sequences
E were estimated oaly for qualified work crews and assumed availabiiity of specialized
g equipment, replacement parts, and supplies.

Al XX 3y
Yo

TR

3 Since most chemical plants are relatively small in area, mmiform overpressure

E levels throughout the plant were assumed. Only the critical and semicritical chemi-
cal ard auxiliary comporents were considered for the time-phased repair analvsis

: in each fypical establishment. As indicated in Section V1, disregard for the non-

3 critical components implies that piants are restored to only 90 percent of their pre-

5 atfack production capability.

Resziis

Figures 13 through 17 present the work schedules by skill for each of the t3pi-
cal plants at their deita damage levels. The resuits have been preseated as the
: total number of S-hour work shifts required for each labor skiil; thus, the tolal
z i elapsed time required to repair a tipical plant could be determined by deciding how
many work shifts per day would be usefully emploved.

Y s




Figure 13

TIME-PHASED REPAIR FOR CHLORINE-CAUSTIC PLANT AT 5 PSI

LABOR SKiLL
CLASSIFICATION

NUMBER OF SHIFTS

Y T T
30 40 50
1

Boilermakers

Bricklayers

Carpenters

Electricians

Equipment
Operators

Insulators

Ironworkers

Laborers

Millwrights

Pipe Fitters

Riggers

Truck Drivers

Welders, Certified

Welders

TOTALS

14

28

16

22

4 Number of Men per Shift

[ 3]

15 7 1

22 34 29

23 26 32

21 20 27 18

10 4

22 2

24 4

NOTE: Shift length = 8 hour, i.e., 1 man~day = 8 ~an hour.

A



KIUMBER OF SHIFTS

TOTAL MAN- | PERCENT |MEN PER SHIFT

I T T I requineD | esror | e | ow:
 pet Shift 88 1 4 4
] 8 <l 1 1
40 <l 2 2
10 4 287 4 5.3 10
1 696 10 13.4 | 16
‘ 1 21 <l 1 1
2 4 1,280 18 20.6 | 34
ﬁ 6 272 4 4.4 é
- 15 < 3 3

]
‘t, 32 22 2 1,399 20 21.5 | 32
!7 21 24 4 1,592 23 24.5 | 29
6 <l | |
4 12 2 5.3 6
6 1,126 16 18.2 | 27
6,942 125.2




Figure 14
TIME-PHASED REPAIR FOR LIQUID AIR PLANT AT 9 PSI

LABOR SKILL NUMBER OF SHIFTS
1 1 1 L 1

CLASSIFICATION 10 20 30 40 50

1 1 | J 1

Carpenters | -+ 2 Number of Men per Shift

Electricians 12 1 8 ‘IO ’ 7  6 : 2

Equipment
Operators 4 8 2 . !

Insulators

lronworkers § 7

Laborers 8 4 é 4

Millwrights 1 2

Pipe Fitters 22 18 22 15 8 4

Riggers 6 8 2

Truck Drivers 1

Welders, Certified 9 16 5 2

Welders 4 9 é 8 6 1

TOTALS

NOTE: Shift length = 8 hour, i.e., 1 man-day = 8 man hour.




NUMBER OF SHIFTS TOTAL MAN- | PERCENT | MEN PER SHIFT
L & 7 . “Require | erront | "wes | mom.

80 2.3 2 2

6 2 419 14 7.1 12

155 5 3.4 8

4 1 202 7 5.6 9

1 230 7 3.6 7

196 6 5.6 8

79 3 1.9 2

8 4 854 8 | 145 | 22

226 7 6.5 8

25 1 1 1

2 383 12 6.5 10

235 8 5.2 9

3,06 62.9




Figure 15
TIME-PHASED REPAIR FOR ETHYLENE PLANT AT 7 PSI
LABOR SKILL NUMSER OF SHIFTS
] 1 1 T T T
1 1 1 1 1 1 :
Boilermakers 8 Number of Men perghiﬂ L “
Boilermakess' . :
4 s
Helpers
Brickloyers 32
Corpenters .8 “
Electricicns 23 12 13
Equipment ; ;
Cperators 2 6 4 1
Insulotors 6 8
Ironworkers ]2 13 12 1 13
Lcborers 9
Millwrights 1 2 i
Riggers 5 4 1 1 3
Truck Drivers B 2 7
Velders, Certified S 2 25. 24 0 §
Welders 32 7 4 8- 1
TOTALS
NOTE: Shift length = 8 hour, i.e., 1 mon-doy = 8 man hour. ‘
A,




«
-;'umsa OF SHIFTS TOTAL MAN- | PERCENT [MEN PER SHIFT
BE ' E: PiEQUireD | errort | ek |
 of Men per Shift 504 5 8 8
2 <1 4 4
g 2 1,310 12 2 |
ﬁ' 736 7 8 | s
13 : 4 1,033 9 12 23
I 5 . 459 4 5.2 9
. 8 6 2 415 4 6.1 8
1”713 2 703 6 7.6 | 13
9 944 8 10.5 | 40
2 177 1 1.8 2
< 9 8 2,482 2 28.5] 40
1 10 2. 387 3 |56) 10
2 ’ ) 180 2 2 2
24 B T 4 1,509 4 |w3] z
8 T ) 382 3 4.3 12
11,174 1,539




Figure 16

TIME-PHASED REPAIR FOR AMMONIUM NITRATE AT 6 PSI

LABOR SKILL °

NUMBER OF SHIFTS

CLASSIFICATION

T T T
10 20 30
1 1 1

Boilermakers

Bricklayers

Carpenters

Electricians

Equipment
Operators

Insulators

ironworkers

Laborers

Millwrights

Pipe Fitters

Riggers

Welder, Certified

Welders

TOTALS

2 Number of Men per Shift

"t

4 6 ! 3

4 3

1 3 1
9 5 3 1
1 2
1
10 8 4
4 2
6 4 1
8 4 2

NOTE: Shift length = 8 hour, i.e., 1 man-day = 8 man hour.

A.




‘R OF SHIFTS TQTAl;\MAN- PERCFENT | MEN PER SHIFT
% 7 " " ReqUired | erron | ek |

10 >1 2 2

5 >0.5 1 ]

0 3 2 2

130 12 3.6 6

90 8 4.7 7
40 4 17 | 3

171 16 5.5 9

22 3 1.5 2

30 3 1 1

220 21 5.5 10

62 6 2.4 4

109 10 3.2 6

138 13 5.3 8

1,067 39.4




Figure 17
TIME-PHASED REPAIR FOR SULFURIC ACID PLANT AT 8 PS!

LABOR SKILL

NUMBER OF SHIFTS

CLASSIFICATION 10 20 30

50
1

1

60
1

Carpenters 5

—_—

Electricians

Equipment 10 8 9
Operators

Insulators

lronworkers 10

Laborers 5 12 9

Millwrights , 3 8

Riggers 10 1

Welders, Certified 14

Welders 10 11

TOTALS

Pipe Fitters 8 36 39 38

10

12

10

4 Number of Men per Shift

14

18

4

16

n

10

24

14

NOTE: Shift length = 8 hour, i.e., 1 man-day = B mun hour.

A.



&

NUMBER OF SHIFTS TOTAL MAN- | PERCENT [MEN PER SHIFT
5 P 7 o > Requined | erronr | vk [

4 Number of Men per Shift 298 4.8 4.3 5

4 10 6 366 5.9 6.9 10

é 4 574 9.2 8.2 10

2 322 5.2 7.0 12

14 N 3 674 10.8 9.6 14

4 465 7.5 6.6 12

2 221 3.5 3.6 8

18 16 24 14 é 1,815 29.1 25.2 39

7 6 416 6.6 8.0 1

4 526 8.3 9.7 14

4 2 571 9.2 8.2 n

6,248 97.3
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Figure 13 represents the time-phased work schedule for the chlorine—caustic
plant at the 5 psi damage level. The plaat required 66 work shifts to complete
repair 2ng used 14 differest labor skilis. Riggers, pipe fitiers, and ironworkers
represented 61 percent cf the iutal work force.

Figure 14 depicts the oxygea plant time-phased repair sequernce at the 9 psi
dzmage level. Sixwv-four work shifts were needed to repair the plant and 12
zeparate skills were used. Pipe fitiers, electricians, and certified welders
constiiuted 54 percent of the total work force.

Figure 15 illustraies the time-phused repair segquéence for the ethvlene piant
ai the 7 psi delta gGamage level. Fifieea separaie labor skills and 88 werk shifts
were required. Pipe fitiers, ceortified wellders aad bricklayvers constituted 47
percent of the total work force.

Figure 16 indicates the iime-phased —rjxair sequence for the ammonium
nitrate piani 2t the 6 psi delfa damage level. Foriv-twe work shifis and 13 sepa-
raie labor skills were needed to place the ammonium nitraie plant back in opera-
tion. Pipe fitiers. iroaworkers. and welders represeried 50 percent ¢f the iotal
work force.

Figure 17 illusirates the iime-phased repair sequernce ior the suifuric acid
piant at the $ psi delia damage level. Seveniv-six work shifis and 21 lapor skills
were necded ic repair the sulfuric acid plant. Pipe filiers. fronworkers, and
ecquipment operators consiituted 50 percexn? cf ihe toial work force.

The cthrlene plant repairs required the lorges? time pericd while the 2znmoeaium
nitrate pant required the ieast time to restore production. The pumber of differeat
skills respired for repzir varied for each «f the typical establisiments; however,

11 of the 15 labor skilis utilized were common to all five typical plarts. Pipe fifters
accounted for at least 20 percent of the i2i repair eifort in ail of ike tapical plents,
with ironworkers and both classificatiors of welders the nexi most important

skills. The time-phased repair sequernces are based oa having the retuired labor
skills available; if aiternate skills world have {o be used, the time periods needed

ie repair the piani wouid increase.

Critical Sills

The time-phased sequencing has shown which labor skiile woald be in the
sreatest demand, that is, which skills would have io ceniribute ihe greafesi man-
power to repair the 251 industry group. This is one definition of = critical skili;
however. a more 2ccuraie indication of 2 critical skill would be the percentage of
ite toial manpower pool of a given skill reguired to repair the industry. For this
siudy. this was ascertained by extrapolaiing the delineated iabor skills in the time-
phased. ivpical plant sequences to the 23ix indusirt which each typical establishment
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represented. The exirapelation was carried out on ike bosis of anneal productior
of the typical establishment versus the annual production of respective industry. *
The availability of a specific labor skill ¢he total number practicing that laber
skill in the United States) was based on tire Urited States 1969 Census of Populatior, X
Detailed Characteristics [28]. Eight categovies of labor skiils were examined

for their criticality’ instead of the 14 labor skills used in the tinc-phased sequenc-
ing. Six labor skills were not included for two reasons: {i) the {otal demand of
o some of theSe skills was less than one percent of the toial skilled manpower (for
- example, millwrights), or (2) the ceasus data either Jdid roi delireate that specific
. { skill or combined it with another skiil {for exzmple, welders were not listed in

K . their various subclassifications).
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. . Figure 18 illustrates the relative criticality of various labor skills in the

s : ’ 2812, 2513, 2818, and 2819 indusiries. The figure is bkased on all establishmernts
- ol each industry diarnaged to the deita damage level and the availability of pre-
atiack quartities of labor silis as shown in Table 11. Equipment operators/

: riggers 2nd ironwarkers are the two most <ritical skilis in the 2812 and 2513

. industries. Boilermakers are tbe m¢st critical in the 2518 irdustry {almost 25

R ) percert of ihe boilermakers in this couniry wouid be reguired 2o repair that in-

) dustry). In the 2819 industry, boilermakers, ejuipment operstors/rigzers, and
irofiworkers are the mosé eritical.
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: Figure 19 summarized the critical skills of the 221 indusiry group and includes
: . subgroeup industries 2815 ard 2816. The subgroup inclusion was based on their

E 3 annual preduction and its ratio fo the annual production of the 251 industry group.

- It was assumed (hat these tvo indusiries would require the same distribuiion of

3 s¥illed Isbor as the other four infustries studied. Figure 19 is based on all
z 3 cswaablishments of the 281 irdustry damaged at ihe delin damzge level versus the

2 - preaitack avatlability of the eight different skills. Three labor skills—boiiermakers,
2quipment operalors,riggers and ironworkers—ezch had te suppiv over 25 percent

3 of their preattack labor force io repzir the 231 indusiry Sroup.

2 e

W NATNTYW S

* Tre 2519 industry includes ithe mauciacture of both liquid 2nd solid chemicals.
Ammoniam nitrate was used te represent the solid chemicals portion {approxi-
mately 67 percent} of ihe 2319 indusiry on an annuzl groductisa basis. Ssifuric
acid {approximately 21 percent) was used io represent the liguid chemicals por-
tion of the 2519 indusirv procduction, excep! for ammenia manufacture. Ammonia,
which accousts for 12 percent of the 2519 industry annuwal produciion, was ap-
proximated by using the ethylene plant that containe chzmical eguipment modules
moyre representsiive 6f ammonia manufaciure ihan the other 2%19 estnblisbments.
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¢ - Figure 18
3 REQUIREMENTS FOR CRITICAL SKILLS FOR THE SIC 281x INDUSTRY GROUP

FOR DELTA DAMAGE LEVEL
E. ¥ !
R/ 4 b
" s Soilermckers :’
3 Eleciricies y

Egivpment Operoices o Rigoess § 2812
E tronworkess 2812
‘R Fipe Fistens !
: z Welders !
k 3 i
” Elecmicicn
b, FTovipment Ogersiots o Riosen
; %

3
z 3 Eooipmeit Cpercices ond Rigoers
K 4 Eoizment Opercizes o Togers
- r 5 1 15 r 35

ﬂ FEAENT OF TOTAL NATIONAL FEATIACK SiTDH Las0R
- SZOUIRID 1O 2ZTPAR INDUSTRY

8 Sssemed: 102 sercern of indusiry ceversly Comened,
: 3 e gcied Iohor conclties
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Table 11

PR

1960 G.S. CENSUS DETAILED CHARACTERISTICS

Total No. Total No.
in U.S. A. in U.S.4A,
Boilermakers 23,713 Ironworkers 57,987
Bricklayers 191,169 Pipe Fitters 303,521
Carpenters 816,195 Welders (certified ang
Electricians 331,732  °thers) 334,385
Equipment Operators and
Riggers 123,335

Parametric Aralvsis of Industrv Destroved and Popuiation Killed

The previous figures assumed thzt all establishments of the industry were
damaged to the median damage level and all of the preaitack industrial population
was available for makirg repairs. A more realistic appraisal would assume 2
mix between these two states, that is, certain percentage of the indusiry destroved
versus a certain percentage of population kiiled. The Lambda Corporation [29]
derived a relationship for fraction of pepulation kiiled versus fraction ¢f industrv
destroved for various levels of nuclear atiack. Figure 20 depicts this relationship.
Utilizing this informatiocr, a parametric analysis was performed to determine the
impact cf Iabor availability versus industries destroved. Three attack leveis—
500 mt, 1,000 mt, and 2,000 mt-—were used, and correspornded to three population
versus industry mixes indicated by the dashed lines on Figure 20. Figure 21
llustrates the results of this parametric analysis. In the worst case (the 2,000 mt
attack), over 50 percent of the surviving boilermakers, iroaworkers, ard equip-
ment operators/riggers would be required to repair the 251 chemical industrv
group. As indicated in the Introduction, the degradation of demand for chemicais
as a result of the attack is not considerad and it is assumed that skilled 1abor
experiences the same casuzlty rate as the general popuiation.

The basic chemical industry, although essential to the economy of the country,
represents only a small segment of the total manufacturing capability of the United
States. The MVA for the 281 chemical industry group was approximately 3 per-
cent of the MVA for the entire U.S. manufacturing indusiry in 1863. However,
during the same vear the 251 industrv group did account for 6.3 percent of the
Manufacturing Industries New Construction [30].

The percent of labor skills normaliy emploved in the 281 industry group is
Indicated by the shaded area of the bar graphs in Figure 21 as a perceniage of

e mm e & e e e - .
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23
: f Figure 20
, FRACTION OF UNSHELTERED DAYTIME POPULATION KILLED AND
3 5 INDUSTRY DESTROYED FOR DIFFERENT ATTACK OBJECTIVES
1.0
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survivors. For example. using the 2,000 mt attack in which 4¢ percent of the
population survives, 6 percent of the surviving pipe fitters would represent the
number of pipe fitters normally used in the 281 industry group for construction and
maintenance. The remaining 21 percent of the surviving pipe fitters would have to
be taken from other industries or jobs in order to repair the basic chemical in-
dustry. Under these conditions, it would appear that seven of the eight labor skilis
could be considered critical, and boilermakers, eguipment operators/riggers,

and ironworkers would head this list. It is interesting to note that under the
straight time-phased sequencing of laber skills flsased ¢un the recuired number of
men of any one skiil) pipe fitters and welders were mosi in demand. However,
personnel possessing these skills are more numerous znd the demand would be
less critical than that for the other labor skills.

Based on the previous figures, * it appears that the supply of certain labor
skills would be inadequate to meet the demand in the pestattack period, and that
a source of alternative labkor skills would be needed {o perform the necessary
repair tasks. However, we have not made a rigorous analysis of consumer de-
mands for chemicals-—that being outside the scope of the contract—so that the
results given here are for maximum repair efforts required. A furither study
is needed to delineate, for several national attack conditions. the actual repair
effort required to meet the surviving consumer demand. In a previcas smgy [1],
a qualitative examination of this problem indicated that part of this psstattack
demard for skilled labor could be met by people who possessed a Iatent skill
through former occupation not declared in the current census. To delineate this
latent capability, research in this area would be very important. Other alterna-
tives would involve selective r=pair of a limited number of establishments or an
elcngation of the time scale for repair with the available manpower.

Typically, the majority of chemical plant expansion and construction is per-
formed by the construction industry. With the heavy damage that could be expected
follzwing a nuclear attack, the chemical industry, lacking the capability to perform
necessary repairs itself, would have to rely on the construction industry to supply
the men and equipm~2nt required. Therefore, a further indication of critical skills
and the magnitude of the repair problem can be ascertained by comparing the post-
attack demand for labor skills that the 281 industry group would place on the con-
struction induastry.

Figure 22 presents the results of an analysis showing the percent demand of
surviving skilled labor employed in the constructicn industry that would be required
to repair the 281 indastry under the 1,000 mt attack le: _ -onditions (Figure 20).
The surviving labor skills in the construction industiry were derived from the
preatiack quaniity of iabor skills [31]. As indicated. there would be an

* In the recent Nationai Entity Survival study [27], SRI stated that oniy a small
fraction of the surviving labor force was reguired to restore the damage to the
manufacturing industries. However, as the results of ike critical skill analysis
show. the type of labor (boilermaker, pipe fitter, or welder) is of greater impor-
tance than the total manpower available; thus even though SRI indicated a surplus
of labor in general, a sericus deficiency of skilled labor would exist postattack.
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54 i insufficient numnber of survivors in three iabor skills (poilermakers, equipment A
) g operators, and welders) tc meet tae demand from the chemical industry, and two é
} other skilis {pipe fitters and iroaworkers) require morée than 30 percent of the 3
1 cornstructicn industries? surviving supply. ‘This means inat the censtruction in- 3
; dustry would be unabi¢ to meet the demands of the chemical industry (disregarding ;
damage t0 2ny other segment of the manufacturing industry) and ciher sources of 3
skilled labor v:ould have to be found. 1
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VHI

PROTECTIVE ACTIONS
AND
PREATTACK PLANNING

The tyre of chemical plant and its relative lecation would determine the degree
of damage caused by a nuclear attack. It is pertinent, thereiore. to consider the
type of damage that couvid be expected at various overpressure levels, alternate
modes ¢f operation to re—establish the plant on line, anv suppiv and eguipment
constraisis germzin {0 @ {rpical plant, and preaitack planning and protective
actions a plant might encertakes to fmprove its servivabiiity undez nuclear attack.

Chiorine-Caustic Plant

At very low cverpraszures (3 to 2 psi), the chlorine/cavstic plant would
suffer only micor damage, the most extensive would be the colizpse of cylindrical
storage tack roofs; the cooling tower. control systein, ané vacuum filters ziso
would sufier minor damage. Althouzp the plani itself wouid reguire svme 1, €00
man-382ys of repair effort, the greater part of this peried would be spent in the
repair of the siorage tank rocis; this protably would nat prevezt plant st:irt—ﬁp
within two wecks after the aftack.

At overpressure levels betveen 3 and 5 psi. more seriouz damage would
occur. The dizphragm cells and chlorine dryer would be severeiy damaged and
incperable. the control cubicles and cooling tower would be destroved, z2zd the
electrical system ard vacuvum filters would sustain heavy damage. The plant
repair effort would require between 4, 009 to 6,000 man-dayvs and would be shut
downn for more than two months. At overpressure levels of greater than 8 psi,
tke plant would be considered destyoved and repair weuld be infeasible except
ander extraordinmary circumsiances. Camibalization ¢f some chemical equipment
{heal exchanges. pumps. and compressors), however. might be poss’bie and be of
particular vaize when secondary efforts {such as fire and explosion) has caused
scattered damsge.

Qxvzen Plani

At }ow cverpressure (1 to 2 pei). damage o the liquid oxygen plant would be
restricted to ibs contralis and cooling tower. The plant wyuld require only 100
mai-dsrs to repsin and probabily weuld te in operation within a v.-ee.k- At3to >
psi. the plant would suifer --g!ii 1o masBing damage. with the controls and cooling
iswer desirgved ang ihe eleciric system damaged. :{ﬂ.‘stomuon of tite plant to an
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operating condition would requirc from threc hundred to six hundred man-days
and would take several weeks to compleia. At Ligher overpressures {between

6 and S psi}, the plan: woild suffer severe daccage, with the loss of pipirg and
pipe racks; destruction of the electxical system, and heavy damage to distillation
columns, electric motor drives, and refrigeration units. Two to three thousand
map-3ays over six io eight wezks would ke requireg to restore the plant. Over-
pressure levels in excess of 12 ps: would make the plant infeasible o repair, as
the majority of equipment would be destroved; however, compressers, pumps,
and heat exchangers prebably could be salvaged.

Etiivieas Plant

At low overpressure levels (between 1 and 2 psi), the elhylere plant would
sustain lighl damage. However. the large craciking beaters necessary for the
production cf ethvlene would be seriousiy damaged ard the plant as a whole wouid
require up to 3,050 man-days and six to eighi weeks for complete repair. At
somewhat bigker oeverpressure levels (between 3 and 5 psi), the ethriere plant
would suffer light to medium damage; ike cracking heaters, controi cubicles, and
cooling tower wouid be destroyved and the electrical system damaged. Five to six
thousand man-~days of re,air efforz wonld be required to repair the plant and
production would be halted for at least 10 to 2 weeks. At overpressure levels
between 6 and 8 psi. severe damsige wouid occur. Distiilation columns and piping
and pipe macks would be severely demagza or destroved, electric moters would
bz damaged, ard 12, 380 to 314, 506 man-days of repair effort would be required.
At overpressure levels greater than 10 psi, repair of the plant wonld te infeasible,
although compressors, pumps, and heat exchangers probebly could be salvaged.

Ammonium Nitrate Plant

At low overpressure levels {1 to 2 psi), the ammontmn nitraie plant would
surtain light damage. The equipment elements damaged wixild be the atmospheric
storage tarks, the control system, and the cooling tower. The repair effort
waild not exceed 208 man-days and would reguire oniy one to iwe weeks. At
higher overpressure levels {between 3 and 5 psi), tie plant world suffer moderate
damnage with the cooling tower and controls destroyed, and the paciage bollers,
electrical system, selids sterage bins, and barometric condenscr suffering severe
damnage. Six hundred man-days of repair effort over 2 period of several weeks
would be required. At overpressure levels between € and S psi, the plant would
suffer severe damage; reactor vessels wouid be damaged, the conveyving system
destroyved, and the piping, cackage boiler, rotary idics, and priiling tower
severely damaged. Repair would require up to 1, 60€ rman-days and six to eight
weeks. Overpressure levels greater than 9 or 10 psi would make the plant
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infeasible to repair, although pumps, bkeat exchangers. and pressure vessels
might be cannibalized.

Sulfurie Acid Piant

At ike i to 2 psi overpressure levels, damage to the sulfuric acid plant weuld
be limited to the acid storage tanks, the control system. and the cooling towers.
This damage would require over 1_020 man-days and over four weeks {0 repair.
At higher overpressures (between 3 to 5 psi). the plant wouid suiffer light to
moderate damage. Tre c'orage tanks, cooling tower, and control cubicles would
te destroved and the elecirical system and air blower damaged. The repair efifori
would require from 1, 500 {0 2, 206 man-days over a period of six {o eight weeks.
At overpressure levels befween 6 and 9 psi, the sulfuric acid piant would sustain
severe damage. The acid absorbers, converters, and towers would be severely
damaged ard the piping, elecirical system,. and air blower would be destroved.
Six theasand to 8. €00 man-days of repair efiort would be reguired during a period
of three io four months. At cverpressure levels in excess of 12 psi, repair of the
sulfuric acid plant would be infeasible; however, heat exchangers, steam turbine
crives, anc acid coolers might be salvageable.

Tabie 12 lists secondary hazards, supply and equipment constraints, alternate
operating procedures. and pessibie damage due to uncontroiled shut-donn for the
five typical estabiishment studied.

281 Industrv

The 281 basic ckemical industry grouw could reduce its overali vulnerability
to damage {rom 2 nuclear weapon aftack by judicious plamning and preventive
measures. Preatiack plans should include procedures on a safe, orderiy shut-
dowum of the plant's chemical processes, provisions for specific emplovees to be
sheltered on the premises ({o hardle postatiack contingencies). and procedures
for taking precautionary actions to protect the plant and eguipment. Examples
of precautionary actions that weuld Lelp 0 reduce the vulnerabiiity of a chemicai
piant are:

o Hardex control rooms and conirois whenever possivle {using sandbags,
eic.).

e St down plant in an orderly, systematic manner [32].

e Fill vessels and tanks with water or ike product to increase resistance to
overturning.
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e Utilize missile barricades (stcel mesh screens) around equipment that
couid be severely damaged by missiles (for example, glass-lined
reactors).

§ . ® Protect sight glasses on equipment containing chemicais that are ex—
E 5 plosion bazards [34].

e Isolate (by valving) all storage tanks and vessels to prevent fire spread-
ing from one to another through interconnections.

SpaRn L WY N rg

; 3 e Tie down reactor vessels, transformers, etc., to increase resistance -
3 A to overturning. 3

A sveak-link apprcach to hardening should be undertaken, that is, harden
: A those chemical equipment elements that weuld scifer damage at the lower over-
3 i pressure levels. (Atlempting to harden all equipment in a chemical plant to
: resist damage above 5 or 6 psi probably would prove hoth expensive and difficult.)

E 3 Certain alternzte cperating procedures have been described for the five typi- 54
cal establishments in this study. The use of these interim measures would ;

reduce the efiicieacy and capacity of the chemical manufacturing process and

in most cases would asually iower the qualiiv of the final product. The reliability

and safety of a chemical process also would be degraded through the use of these

alternate procedures. However, through the use of these procedures it is pos-

sible to regain some production capability in a shorter period of time.

ItV
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U

Some general alternate operating procedures that would be applicable through-
out the basic chemicai industryv are:

3 e Automatic controls—when automatic controls have been damaged, an

G altemate procedure is {2 resort to marual operation. While this woald

B increase the size of operating crews by a factor of three or four, manual
i controls would allow partiai or full eperction while an expedient control
syvstem was being rigged.

e Atmospheric storage tanks--when the roof on an atmospheric storage
3 tank has been badly Gamaged, an immiscible flcating liquid actingas a
\ vapor harrier could be utilized in lieu of Tepair.

: e Cooling tower-—when a cooling tower has been completzly destroved, an
alternate method of cosling can be arranged by bulldozing the debris of
the cooling tower into the undamaged cooling tower kasin and spraying
the water over the debris. Although fhis expedient will considerably re-
duce the cooling capacity, it will retuwyn some cocling capability toa
damaged plant.
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A nuelear attack on this fcuntrv would undouhted:y disrupt the normal
chanreis of supply and transporiation. Eauipmernt supply and spare part con-
straints have heen discussed previousts fer each of the five typical establishments.
How this would affece the resteration time of 2 Lasic chemical ndusiry would be
very difficult to quantifyv and iz bevond ihe scode of this report. However. it
world be raasconable {0 assume that mary spare saris and replacemeni equipment
would be extremely Zifficult {if net imjiossisbie) to secure in the sftermath of a
nuclear attack. The option reniaiaing ssuig be cancibalization and salvage of
chemical equipment from saveral different plants to resctivate one piant. This

probably would be the most feasille method of restering produstion €5 the basic
chemicai industry.

(¥

Operation Versus Shit—idns

The chemical equipment dassage predictions and the secondary damage hazards
tabulated in Table 1< were predicated on the assumptlion that e typicat estailizh-
ments were operating under normal conditions at the dime of the nuciear altack,
Insofar as blast-indvced dariage to chemnical equivment is concerned. there appears
to be no significant difference betwzer ihe vulnerability of ecaipment ia an cgerating
conlition versus a shut-down condition; however, vessels or tanks zugworted on
columns will fail at lower cvesprassures if empliec of confeniz. {Pumage esii-
mates were periormed for f{anks ang vessels in the full and empiy oo=ditien and gve
notated as such in the damage/repair catzlog. Appendix E.} & more imporfant
aspect [32]), however, is the nature of the chemicals contained in the equipment
when subjected to blast overpressures. Aluny of the chemicals manufactured in
the basic chemical industry are noxicus, toxic, or Hammable; if allowed to leak
or spiil to the atmosphere. serious secondary hazards could be cresated thatl would
cause morxe severe damage to a plant and its persomne] thar wouid have been pre~
dicted by blast levels alone. Thas, precautisuzzyv measures wouid shut done a
chemical plant prior to a nucfear aitack, «ith pipelines and equipment being
drained of their contenis and water or some ¢iher inert fluids sabstituled in
vessels. tanks, and distillation columns. This is a safety measure practiced in
some areas of the country when a hurricane is expecied [37].

AT

DL TR

Another possible hazard that was investigaled briefly is the possibility of
certain chemicals within tanks or vessels detonating wher the tank or vessel
containing the chemical is struci by missiles. However, the explosive suscepti-
bility of chemicals is complicated ard published informaiion is iimited mainiy te '
those chemicals commonly classed as explosives {35 ard 36].
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CONCLUSIORS AND
RECOMMENDATIONS

Conclusicas

Damage/Repair Catalog for Equipment

The catalog of individuzl chemical equipment components with corresponding
damage and repair estimates was crucial to the development of siudy results.
The existence of the catalog permitted accurate estimation of the repair require-
ments for actual establishments of the basic chemical industries. With this cata-
log, it is possible to estimate repair requirements for a wide range of manufac-
turing establishmenis——even those outside the chemical industry when the required
equipment is added to the catalog.

Alathematical dodels for Relation of Repair Effort with Damage Level

Repair estimates for the 46 chemical equipment componerts studied were
calculated for a wide range of damage expressed in overpressire levels. A
mathematical model was found that satisfactorily represernted the calculated re-
pair versus damage relationships for all equipment compcnents when appropriate
empirical constants are used for each component. The inodel includes a scaling
factor relating the repair effort with equipment size or capacity, thus permitting
the scaling of repair effort to the size of a given component.

Aathematical models were developed to relate repair effort and damage level

for the four typical industries (SIC 2812, 2813, 2818, and 2819) as well as for the
overall SIC 281 basic chemical industry group.

Repair Efiort Recuired for Chemical Equipment Components

The repair effort required to restore damaged chemical equipment components
generally reflected the complexity and vulnerahiiity of the equipment. The type of
repair required for equipment with a hard vulnerability classification usually in-
cluded only realignment or resetting on foundations since little internal damage
occurred. Medium or soft category components, on the cther hand. nsually
experienced both internal and axternal damage and required additional types of
Tepair.
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3 & Repair Effori for the SIC 251 Basic Chcmical Industry Group

:, The maximum repair effort ffor overpressures greater than 15-20 psi)

£ required to restore the basic chemical industry group (SIC 281) wus found to be
. F approximately 23 miliicn man-days. The damage level requiring 50 percent

z - - . —~ - ~ -

e of this maximam repair eifort was found to be about 7 psi overpressure. (The

b cuxve shape is very sieep at this overpressure.)

* The maximum regar edort represanted from 59 {o 240 percent of the new

7 coustruciior effori for the various industries of the basic chemicals group,vali-

dating ihe magnitude of our repair estinates. This repair effert corresponds 0

about five iimes the lakor effort expended annually for new construction in the

basic chemical industry groun (for the vear 1965). To repair the entire industry—

an ualikely eventualify if prebable surviving consumer demand were {c be cov.sidered--
would everwhelm the suz.ivieg repair capabilities. However. even z selective, limited
repair eifort wozld be tikely to eacounter constraints and shoriages of a long-term
nature.
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An interesting relationship relating piant capital costs to the ratio of maximun
repair ofort over toial cost was identified. In this relationship, the plamt capital
aosis could be considered an index of plant complexity. Although this reiationship
probabiy is useiui enly for gross approximations, it can be a t6sl for estimating
Tepair requiremenis.

- Skiiled Laber Requiremesis

it cppears inat the supply of certain labor skilis wouid be inzdeguate to meei the
domans tn the posiats »ck period ard that an alternate scurce of iabor or skills weuld be
- seeded. The mosi critical skills were found to be boilermakers. eguipment operators/
riggzrs, and welders. From previcus investigaticn {:] it appears that therearea
nuirber of people with latent skilis that couid be wtilized (o meet the demard.

Preattack Plannineg apd Precauticnary Actions

Preaitack plans should include procedures for piant shui—down, provisions
for sheitering specific empiovees, and procedures to cover precawlionary actions
for pretection of ike plant and equipment.

Precawmionary actions to help reduce chemical establishment vulnerability
include: (1) karden controls and conirol rooms: (2) shut down plant szfeiy; 3)
leave vesscls, tanks, and distillatica columns full of water or ciher inert liquid;
{9) protect equinment susceptible to miss:le Jamage with appropriaie harricades:
(5} protect sight glasses on equipment suscepiibic 16 ¢ plosion hazards; (6) iso-
isle storage ianks and vessecls to prevent iire spread; (7) secure tali equipment
iteras with tie-dowr {0 reduce overturning vulnerabiiity.
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Vaulnerabiliiv of Chemical Equipment Components

Chemical equipment comporents have been classified into three broad groupings
according to damage vulnerability: soft, :medium, and hard. Examples of the soft
group (severe damage experienced below 5 psi) include controls, coelng towers,
=nd siorage tanks (except spherical). The medium group (severe damage ozcurring
befween 5 and 10 psi) includes itemas such as blewers, columns, and package boilers.
Examples of the hard group (severe damage experienced above 16 psi) are keat ex-
changers, pumps, and spherical storage tanks.

Damage fo equipment was identified according to the particular weapon effect
producing the damage. In this regard, overpressure (diffraction phase) was found
to be the major cause of damazge for buiidings, storage fanks, cooling towers,
electrolytic ceils, ard controls. Dynamic pressure w.as foind to be ithe major
cause of damage for certzin exposed comporenis such as coiumns, process and
pressure vessels, heal exchangers, pumps and drivers, cecmpressors, most of the
specizi eguipment, package units, and piping.

Critical Chemical Equipment Componenis

1t is not possible o assign a criticality rating to ipdividual chemical equipment
comgponenis in a geperal manner. A component may be gritiezi in cae particular
application ia a prozessing scheme and semicritical or noncritical in ansiher,
Equipment must be raled for criticality on ar individeal establishment-ty-esiablish-
ment basis.

Comparison of Studyv Rasulis with Gther Work

A portion of the Natiomal Ertity Sarvival (NES) Study [28] examired repair
effert for the SIC 23 major group. A\ comparison indicated the NES study ressits
would te a factor of 2.2 tc Z. 6 iimes higher than the corresponding vepair estimaies
of this study. Aithough the agreemeni detween the resulis of these two studies is
acceptable, the resulis of the present study, being beticr validated, should be in-
ccrporated into the NES model as sosa as ;.)ossi'o!e-

Geographical Distribution of the Basic Chemical Indastries

One measure of the geographical distyibution of these industries is relzated to
taeir proximity {o standard metropolitan statistical areas (S\1SAs). An analysis
of all establishments within the basic chemical ingustry group reveais that over
70 percent of the produciion capability is locaZzed in SMSAs,

Lodlermalst | ATPapis - JeowSEitil




The nature of the available information concerning geographical distrilation
of the kasic chemical industries and the budgei limitation for this contract have
made it impossible to give a more meaningiul presentation of such distributien
in this studv. With further research, however, it should be nossible {6 uncover
useful relationships.

Complexity and Interrelation 6f Chemicai Establishments

The most modern chemical esiablishmerts tend to have increased use of auto-
mation in process control, and computer conixol systems are becoming more
prevalent. These faciors result in esiablishmenis more veinerable to nuclear
attack sicce control and coatrel systems are relatively soff in comparison with
more chemical equinment.

Anocther trend in moZern plants is toward the inierrelated plant or muiti-
ckemical complex. In some cases. these plants have iong intercomnecting product
pipelines, with relaied plants being 30 or more miles apart. It complexes such
as these, vulnerability of preduction capability is increased due to deperndence en
interconnections with Gther establishments.

Classification of the Basic Chermical Indusiries

Due to the pature of exisiing establishmests mapufachiring chemical products,

the classification cf these establishments into specific grovpings is rathzr arbitrary

and the actual boundaries between such growings are indistinct.

Recommendaiions

Based on ihe results and coaclusions of this study, the foilowivg areas of
fulure research are recommended.

1. Study in deizil a Iarge muitichemical plam te deierrcine more accurateiy
the effecis of nuclear aitack on a chemiczl complex with many intercen-
nected product lines.

2.  Agply the 2pproprizte mathemaiical maodels to the acinal chemical
establishmenis of the SIC 281 indusirv group present in the cities of the
Five-City Study. Suck a study would provide basic inputs for the post-
atiack recovery portion of the Five-Cily Study and provide a betier under-

standing of the problems facing the basic chemical industry group.

3. Explore the application of the resulis of this study to cther industries.
By appropriate additio= of new eguipment items io the damage/repair
catalog of this study, it should be possible o make estimates for the
repair requirements cf a wide range of indestries oulside the SIC 281
groep.
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£.

Examine the decrease in demana for chemical products of the SIC 281
indusiry group that would result under various conditions cf nuclear
attack and the resultant changes in repair requirements caused by the
changes in demand. This would reyuire study of the interactions of
these chemieal preducts with industries outside the 281 group as well
as the eifects of population decreases and the damage experienced by
otker related industry groups.

Explore in more detzil the potentially uscful relaticnships among repair
effort, capital costs, and degree of cemplexity for a wide range of
ckemical esiablishments. It appears that some sigiificant shorteuts to
repair estimation may be possible by relating these variables. Applica-
tioxn to estatlishments cutside the chemical industry also may be possible;
this ccuid facilitate repair estimaies for the whole specirum of manu-
facturing establishments.

Examire in depth the available information concerning geographical dis-
tribetion of chemical indusiry establishments to uncover the controliing
reiaticshipe.

incorporate applicable portions of the resulis of this siudy into the NES
model te yieid more accurate predictions of industrial capacity and
resteration.

Periorm research into the existence of currestiy unreporied labor skills
that are possessed as 2 result of mijitary service, former empicyment,
or kobbies. The tabulation or estimation of the number of persons fali~
ing into the various labor-skill categories wouid provide useifu! informa-
tion for restoration ard reclamation studies.
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APPEXDIX B

SELECTION OF
REPRESENTATIVE INDUSTRIES

The selection process used ir this study was guided by the criteria delireated
in Section I and assisted by technical consultation with personnel from Rogers
: Engineering (subconiractor to URS Corporation). As indicated earlier, the selec-
; : tion was performed at the ievel of major industry numbers within the 281 group
; : and also at the level of chemical products under the selected major industries.

First Selection Level

The six major ind:siry keadings were surveved and four industries were

5 selected as being mest representative of the SIC Group 251 establishments as a
whole. Ezch of the six industries is reviewed and the rationale for inclusion or
exclusion is presanted.

2812: Alkalies and Chiorire

Chlorine would be a very important chersical in the early postattack period

; because of its use in water and sewage treatment and also in the puls and paper

/ - manufacturing indusiry. Sodium hydroxide aiso would ve important in the early

3 postattack period because of iis use in the pulp and paper industry and in petroleum
3 refining. In addition, both of these chemicals (chlorine and sodiem hydroxide)
along with sodium carbonate (another 2812 chemical) are extremely important due
to large volume production and exiensive usc ia manufacturing crganic and in~
organic chemicals. For example, they are v'sed in the production of soap and
detergents, fibers and plastics, glass, petrechemicals, pulp and paper, fertilizers,
exnlosites, and solvents.

2813: Industxial Gases

P - Included in this group of chemicals are oxygen, acelvlere, helium, hydrogern,
. : and refrigerant gases. Oxygen and acetvlere would be vital for immediate post-
attack recovery because of the need for metal welding and cuiting. Oxygen and
helium would be important for medical purposes. The soppiv cf refrigerant gases
also may be vital in the postattack period. Oxygen has become a high volume pro-
’ duction chemical in the past ten years due primarily {o I's use in steel productior,
§ but it is also imporiant in the manudfacture of acetylens, ammonia, and methanol.
. . Nitrogen is used in high volume also, and is emplcyed in manufacturing ammonia
> ard preventing rancidity in foods sealed in containers. Hydrogen is importas: for
its use in ammonia synthesis, hydrogerating edible oils, and for electrical ma-
chinery acd electronics.
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2815: Cvclic Intermediates. Dves, Organic Pigments,
and Cyclic Crudes

The majority of preducts in this group of chemicals (dves, color lakes 21d
toners, and organic pigments) must be considered unimportant for the immediate
recovery period. The few items of irterest in the list (cyclic intermediates such
as benzere and benzepe derivatives) are products manufactured in much larger
quantities in other manufacturing greups such as petroleum refining (specifizzliv,
the SIC 29 major group), or as byproducts (for example, from coke ovens).

L U —

2816: Inorganic Pigments

Since inorganic pigments wonid not be considered vital in the immediate post-
aitack period, this group of industries is not of prime importance for our study.
In addition, this group of products renresents less than 5 percest of the mamu-
facturing value added for 21l basic chemicals.

2818: Industrial Organic Chemiczals

This group of preducts accounts for over 48 percent of the total marufacturing
value added for all basic chemicals and contains a number of products considered
important for immediate postattack recovery. Included in this list are chemicals
such as: insecticides, bydraulic fluids, industrial alcohols, the basic raw ma-
ferials for many important medical supplies, ard petrochemicals.

2819: Industrial Inorganic Chemicals

Znis group of products includes about one-third of the manufacturing value
added for basiv chemicals and contains many chemicals important in the immedi-
ate postatiack period. The most sigpificant items include fertilizers, water
treatment chemicals, disinfectants, explosives, raw materials for the manufacture
of soaps and medicines, and chemicals necessary for paper production. The chemi-
cals in this group are produced by a variety of processing equipment and techniques.

On the basis of this initial survey, Industry Numbers 2812, 2813, 2818, and
2819 were selected for the purpose of this study as most representative of the
indusiry as a whole.

Second Selection Level

Having chosen four major industry headings, the next step was to select plants
manufacturing chemicals in each of these industries that 2re representative of each
of the four-digit SIC code industries (2812, 2§13, 2818, and 2519).

2812: Alkalies and Chlorine

The chlorine-caustic soda (Ciz + NaOH) electrolviic process was chosen x3
representative and {ypical of the 2812 industry. Hydregsn mancfacturing fa 2813
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chemical)is included as a byproduct of this process. The reasons for this selection
were:

o Chlorine and caustic soda comprise over 60 percent of the dollar value
of products manufactured in the 2812 industry

chlorine - $124,821,000
XaOH -~ $147,010,000
Total Primary products (2812) - $215, 963,000

o Chlorine and caustic soda are two of the most imporiant basie chemicals
in the industry and typically are made in the same plant.

® Tte electroivtic process used to make Ci, and NaOH is hasically the
same as that used to make so11e of the ciner chemicals in the 2812
industry--such as KOH (poias<ium hydroxide).

® Soda ash (sodium carbonate) is the third major chemicai in the 2812
industrv group. Twenty percent of the soda ash used in this country is
produced from natural sources (Trona) while the remainder is manufactured
by the ammonia-soda process or as a byproduct of the electrolyvtic process
of chlorine-caustic soda.

2813: Irdustrial Gases

The production of oxygen and nitrogen from air was selected as the process to
repre -eni the 2813 (industrial gas) industry. (The production of argoa will be in-
cluded as a byproduct.) The reasons for this selection were:

® Oxyvgen is a basic reagent for many chemical and manufacturing preces-
ses (for instance steel making) and acccunts for apprcximately one-third
of the total 2813 industry sales.

e XNitrogen is manufactured from the same process as oxygen a2nd, together
with oxygen, represents 43 percent of the 2813 industry. By itself,
nitregen rates fourth in the industry in overall sales (i1 percent).

® Aceiyvlene, ranking second in industrial gas sales (24 percent of total
sales), is used chiefly for the manufacture of other chemicals. However,
other chemicals (such as ethvlene) can be used in some instances as a
feedstock in its place and acetylene used ior welding can be made by using
small portable acetylene generators fed by carbide. Therefore, it was
rot included in the typicai 2813 plant.
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e Carbon dioxide, rankiag third in Idustrial gas sales {i2.5 percent). was
coasidered a noncritical chemical as 75 percent of the CQ, produced ior
saies was used for refrigeration (m:ny other refrigerant chemicals are
available} ard carbonaied beverages. Therefore, it was not considerad
in the {ypical 2813 plant. Carbon diox.de is manufactured through natural
gas or oil bureing, or as a2 byproduct of other processes {urea, fermenta-
tion, etc.).
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2813: Industrial Orepnic Chemicals
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E; - An ethylene production plant has been chosen to represext the 2818 industry.

X 2N Reasors for this selectior are giver below.

: S o Ethylere is the largest volume-production chemical in ihe indusiny

g 7t (about 5 percent of the 2813 {otal}. :;

z B 7

s o e — . _ _ . . . . I . 5

- S e Ethylene is 2 very imperiaat besic chemiczl and is the buiiging block

E for many other iarge-volume chemiczals, such as, ethyviene dichicride, 3

; E ethylene cxide, ethviene glycol, and polyethyiene. 3

B 2 e The eguipment and operations in the production of ethylene are basically -

r the Same as those used in the preducticn of many other chemicals in the <

E 2818 industry. -

E : 2819: Industrial Inorganic Chemicals =

3 = 3

N 7

The industries selected as most representative of the 231§ greup are ammoniam :

3 S0 nitrate manfacturing, and a sulfuric acié plani. The reascons for the selection of =

3 L= these particelar indusiries are given below. .

; ;B e Awmnionium nitrate represents approximately 4.5 perceat of the 2819 )
3 Y . industry MVA 314 had a 1863 productica of 4 millicn tons. Ammonium o3
- nitraie is manufactured by combining ammonia and nitric acid ina -
3 § ’ Teacior. its primary purpese is for the mancizacture of fertilizers. ) ”
kB . Another mazjor vse of NH(NG, is commercial and military explosives; 3
: this accounts for 29 percent of the overall use of the chemical. Both
: o fertilizers acgd exzlosives are considered vital during the poztattack .
3 < 2 recovery periad. The prooess ecuipmens used in the production of :’
‘. NH NG, is represeniative of the types of process eguipment found in o
the selid chemical segment of the 2819 irdustry (compressors, filiers,
: evaporators, reactors, coolers, absorbers, furnaces, burners, quenchecs,
3 liquid gas separators, dryers, crvsiallizers, ceatrifuges, and grinders). 1
< ‘3 ® The sulfuric acid industry is ¢censidered a basic inorganic chemical ©3
Z ;«: industry as it is used in innumerable processes. Twentv-one million T
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tens of KLSQ; were produced in 1963 and accounied for 6.5 percent of
sales in the 2619 group. The contact process for sulfuric acid manu-
facturing is {he most commoniy used (80 percent of ali H_SO; made)
and while ¢ is a relatively simple process it is representative of other
liguid chemical manufacturing in the 2819 industxy.

The 2819 industries below were censidered for inciusion in the study but
were rejected for the reasoss noled.

Commerciai and Household Bleaches. Representing 6 percent of the 2819
irdusirv saies, bieaches were considered t¢ ke a nonvital item for postatiack
recovery. Chlerire, ine chemical base for most bleaches, is being investigated
urder the 2812 iadusiries.

o o

Boric Acid. ‘iris was not considered an esseniial postattaex chemical.

Hyvdrochloric Acid. Alihough a major acid {one rxillion tons produced in
18583}, #Cl is primarily {80 percent) made as a byproduct of other chemical
processes: the precess equipreent is similar to that vred in H_SO. manufacturing.

Phosyioric Acid. A major product of the 2819 industry (2.1 million tons
produced in 1963), the main use of nhosphoric acid is for fertilizer. However,
as e wet process for H.P_0, manufacture uses equipment similar to that of
the =iiric acid - NH, NO; macufactiure, it was excluded from the study.

Alumioum Oxide. Aluminum cxide represents the larges. -hemical sales
(12 percent) for the 2819 industry. The primary use of Al O, It as an inter-
mediate step behween mined bauxite ore and the production of aluminum metai.
Aluminum oxide was not considered critical in this study because new aluminum
ingots would not be essentizi in the initial postattack perici.

Sediumn Salts. None of the varicus sodium salts {phosplrates, silicates,
sulfates) was cousidered critical to the postattack recovery period. Examples
of primary uses for sedium salts are scdium phosphate (in detergents) and
sodium sulfate (in krait paper mamifacturing).
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k2 APPENDIX C % 3
3 TYPICAL FLANT PROCESSES 3
P
B Chlorine and Sidium Hydroxide ; 3
i; N ) ) ‘ E
3 A plant that produces 70, 003 tons peryear of chlorine axd 70. 6C4 t¢iss per 3
e* - vear of sodium hydroxide was selected and hypotheticzily designed to represent ) Z
3 the 2812 industry (Figare 8-1). A= elecirslytic process vtilizing dizphrazm ceils : Z
us2d by 73 percent of the industry, was cheser as the 1ost representative of the : z
5 o <lorine manufaciuring processes.* In this process sodium chloride is mixed ; Z
E with water in saiurators (Figure C-1} toform a brine soluticr which is then . E
2 purified in clarifiers and flters healed. neutralized with kvdrochloric acid, and f E:
E - fed to a diaphragm cell. in the dirphragme celis, eiectric currert (&.c. produced »
- ty large rectifiers) is passed through tie sodiwn caloride sclution wkich is : e
, A deccmposed by the current to form a4 19 to 12 percent sodium hydroside soluiion
E I at the cathede and chiorine gas ai the anode. The chierine gas, which coniains a .
E - considerakle amount of water vapor. is cocled in heat exchaagers and then passed 3
E »;‘ through special ceramic drying towers where salfuric acid is used to dry the - 7
: 4 chlorine. Tke Gry chilorine gas is then compressed into a liquid, cooled, an : .
; 3 stored as liguid chiorine. The sodium hydroxide solutica is removed frum the X 3
K E: botiom of the cell and pumped into multinle effects evaperators with a barometric )
6 condensor, producing z 50 percert sodium hydroxicde soluticn. The solution is L
k 3 centrifuged 2nd filtered io remove impurities, then stored or shipped as 50 per-~ :
kA cent scdium hydroxide.
5 Liquid Cxveen ’ 2
& X L
E 3 The manufacture of oxygen by the modified Linde-Franke! icw pressure process 2
E i was chesen to represent the 2513 industry. The typical exvgen piant, which aiso “
E  d produces nitrogen and argon as byproducts, kas a production of 33,600 tons per
; vear (Figure C-2}. Tke Linde-Frankel Iiquifaction process lukes mcoming air, z
: compresses it in a cenirifigal compresser, ccols the air, dries it, and sends %
3 3 into the cold box through reversing heat exchanges. The cold box contains varicus s
. f distilistion columns, heat exchangers. and dryers; it is kere that the air is ccoled :
3 ".& 3
g * The mercury cell, which represents 26 percent of the indusiry, is of growing
= 3 imporiance as 2 source of purified caustic. Structurally the mercury cell 3
2 {approximately 47 by 19" by 8%} rezcts very differently from the Hooker cell E
s Appendix Ej. z
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E PROCESS FLCW DIAGRAM, CHLORINE CAUSTIC PLANT
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: to a liquid and fractionated into oxygen. nitrogen, and cther components. The
R g oxygen and nitrogen are then drawn separately from the columsz as gases and
g S sent thréugh either an oxygen compressor or nitrogen compressor, religuified
ks ¢ and stored as either Jiquid sxygen or liquid nitrogen.

U0

DALY ITIN
090 WU O

Ethvlere

Dpouia
TN

3 H The manufacture of ethyiene from refinery gas was chosen as the process to
2 - represeat the 2818 industry. The typical ethvlene plant used in this study has an
S : annual producticn of 232, 600 teus (Figure C-3). Ia the etavlene process, refinery
- 23 - gas is infiialiy compressed in centrifical compressors, passed thrgugh a caustic
E~ : scrubber and an acetyvlene hydrogenation unit to remove impurities, cooled,
; 3 ) passed through alumina, dehvdrated {which lowers ihe dew point), and then partially
£ 3 Yiquified by further cooling before being sent through a series of fractionating
columns. Typically, three distiliation columns are used. The first removes
3 methane, the secord separates ethace and ethylene from thz remaining gases, and
- the third splits the ethylene from the ethane. The efhane is taken off at the boitom
of the colums, passed through cracking heaters, and put back isnto the cycle. The
- eibyvlene is removed from the top of the column and either stored or shipped as
as product.

PEag 3]

St A AR

Ammonium Nitrate

W
Nty

The manufacture of ammonium nitrate irom ammonia and nitric acid was
selected as the process to represent the solid chemical poriion of the 2819 in-
dustxry. The ammonium nitrate plant used in {kis stxdy has an anmnal production
of 78,200 tons {Figure C—¥). In the typical ammonium aiirate plant process
{oriiling process), ammonia vapor and nitric acid are reacted in stainless stoel
‘ neutralizing vessels under agiiation to form ammonjum rnitrate. The reuiral
- 5 solation is then pumped through evaporators. conceniraled to approximately 95
percent, and pumped throagh the iop of a prilling tower. In the prilling tower,
ike nitrate solution is discharged through a spray head ard fails countercurrent
io a siream of cenditioned air. As it is falling, the material solidifizs into
small pellets or priils, which are fed o a rotary kiln dryer and then through a
cozting drum where the prilis are ccated with a fine clay to minimize caking
tendencies. The prills are then shipped or stored as producis.
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Sulfuric Acid

The manufacture of sulfuric acid by the costact precess was chesen o repre-
sent the liguid chemical portion of the 2819 industry. The Lipical sulfuric acid
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Figure C-3
PROCESS FLOW DIAGRAM, ETHYLENE PLANT FROM ETHANE
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: Figure C-4
‘ PROCESS FLOW DIAGRAM, TYPICAL AMMONIUM NITRATE PLANT
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x G R plant (Figure C-35} used in this study has an annual production of 300.9000 tons. -
ff. .v The contact process using raw sulfur as an input, pumps incoming air through a

. drying tower, and mixes this with iiquid sulfur in a sulfur burner in which sulfur

E B dioxide is raduced. The sulfur dioxide mixture is passed through a keat exchanger

" S arxi ther ints & cenverier containing a platinum or vanadium pentoxide catalyst; the

E sulfur dioxide is converted to approximately 95 percent sulfur trioxide gas. This

3 I gas is then partially couled in a heat exchanger and sent to an oleum tower where

E 3 oleum is formed. The gas remairing is passed into an acid absorpticn tower

E 3 where a slighily higher acid strength is vielded. The acids are then cooled in

: : acid coolers, sent to storage or shipsed as product.
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Figure C-5
g PROCESS FLOW DIAGRAM, TYPICAL CONTACT SULFURIC ACID PLANT :
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APPENDIX D

AN APPROATH TO
g 1 STRUCTURAL FAILURE PREDICTION

Prediction Bases

- The fundamental problem in failare prediction is the tra=slation of design
criterion and precedure into a reasonabie failure criterion and procedure.
Basicaily, all structures are designed to function safely under normal usage,
plus survive 2 reasonable amouznt of “natural” abuse (high winds, snow, over-
load). The usual approach in the desige situation is to estatlish the “normal"
operating and/or service loads bassd on ceasiceraticns such as location and
usage {for example, a 70 mph wird and a 100 psf floor load). A safety factor for
the possible eventual abuses is then applied. General safety factors kave been

T 3 established threugh experience and satisiactory performance of structures by
government agencies, aad research institiies.

In establishing a failure criterion, the safety facior musi be removed irom
] structares. The particuiar problem faced by this siudy is the desire o make
rgeneral” failure predictions for eniire indusiries raiker than for individual
structurzl elements or even individual structures. 4 safefy fzcior of 2.0 was
considered reasonable for all structural members. For steel buliging, the Ameri~-
d can Institute of Steel Constructuon {(AISC) recommends s safeiy factor of 1.67 for
tension and fiexure and 2 range of 1.67 to 1.32 for stabilitv or buckling problems.
Due to the sG-called "hidden™ safety factor of piastic behavior of siructural steed,
the average true safety factor for stractural sieei elements is abord 1.85. The
American Concrete Instifute (ACI) recommends about 2.2 for flexunal fazilures
and about 2.3 foT compression or buckling failures. While individial organiza-
tions, agencies, and firms may use different saifety factors, these gererally are
higher because of particular ¢uperiences and us=s. For sxample, the American
Societyr of State Highway Officials (ASSHC) and the smerican Society of Railway
Engireers (ASRRE} hoth ase safety factors of 2.0 or slightly more for steel con-
siruetion because of the pessibility of overload, fatigue. and vibrations.
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Thie next 2spe? of a broad gereral failure prediction is the statistical be-

: bavior of actual fzilures. Sixuchurz! strength (hence. failure) predicted from
desig: information with the safety factor remeved is a iower bound failure because
3 Cesign ailowanles are based on meinkmaum properites, or about a one percent

e provability of failure. To make Gther estimates—such as at 39 percent or 99
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percent--probability distribution is needed. Here, again, it is necessary to use
average distribution(¢) for a broad class of faiiures. Figure D-1 represents

a composx.e of findings of ‘the references listed at tke end of this Appendix, and

-i$ by no means a precise prcbability statement. However, it is felt that it gives a
reazonable survey of the statistical nature of the problem. One may interpret

l-‘igure D-1 as' follows: suppose we predict a coluinn failure (buckling) at 100 kips;
tlks -means that one percent of similar columns would fail at 100 kips* or less. From
Figure D-1 we see a1.25 strength factor opposite 50 percent and 1.5 opposite 99per-
cent; it may be interpreted that 50 percent of these columns- will fail at 125 kips or
less and 99 percent will fail at 150 kips or less. Similar statements for faihire can
-be made about beams (lexure), ceramic parts (brittle fracture), and other segments.

The Prediction Method

A structure is designed for 2 set of service loads that can be functionally
scribed by setting the structural resistance "R equal to a function of 1oad:

=ﬁVD+VL+ﬁD+H£+"')

where VD is Verticai dead load

VL is Vertical live load

_nD is Horizontal dead 1oad -

.
: oo . L . . N ey "
R ARy R DX AN 3 E5 REPHAE ST R R p g
' i . . f . . L
B » . N Le . e
. # s ., (SN
,
o . . N B o W P AEAONN A A

B, is Hofizontal Tz load

lti‘sudwsthent!iatthefaﬂnrenesistaacenl,c;nbeshp'knas:
BF=anpr;vL+BD+HL+,"‘)

where S, is the Statistical steengtk factor, and

i is the safety factor (2 in this study)

o

e

CUREE oo
R t ’ '
N T
AU

L ’.nd‘ﬁ«ﬂ&&«‘

stmderstoo]tbatthesumn&tahmmthe{nmaonalrehﬁoashqnszjnstra-
tive. meaning the summazticn of effects and not numbers. One of the interesting
aspecsofthzstypetideszgnphilosophvisthatxtmm.endedtopeldanm{om
safety factor to a structure; thai is, zfan‘ioadsmt}xestm..&n‘earemcmsedby
Sgn -the structure wiil faii with a corresponding probability of failure. However,
if only ote load cmponent is increased, he failure will ot be Sﬁnforthe

* Kipg=1,000 Ibs -
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correspoending probability. For example, let us consider a tank type of structure
that is supported on a ring of columns which is common for this type of indusiry.
Assume it is a high pressure tank and the cciumns are the weak link from external
perturbations such as a nuclear explosicn. The design of these columns wounld have
been controlled by the verticai gravity loads (VD ard VL) and a horizontal lcad

(HL) from wind of 160 AMPH

= H + Y = T
Crnite P = f(r, + Vg = V)
Wind -
—
Critical Column
7 4

9 We must assume the vertical loads are small (gas filied tank) compared to the
- wind leagd, let:
P=H + (,*V)
P = 100 + 50 = 150
: then: P = Sn(is0)

or for 30 percent protability of failure

P = 1.25@) 150

Pf= 375
Note, now that P, = Sxn = 2.3 time the design Iczds, or if both tke vertical and
horizontai loads are increased by 2.5, the tank wiil faii 50 percent of the time
when Vp + ¥V, =~ 1252nd Hy, = 280. Since wind force increase at velecity
sgquared this means a wing velocity of 2.5 40 = 138 AIPH a high and rare wird.
However, if oniy Hy, is intreased, ss would aermaliy happen in a nuciear ex—
£i0sion on 2 ¥drag” siructure, ths! means

Hji, + 59 = 375 woaid cause failure 30 percest of the time; which is 3.25
times the design wind load which corresponds to 182 APH, that is we get ar in-
crease of 3.25 instead of the previous 2.5,




B iitanad

e s g e T T T N ~ [ S

URS 687—% 361

Another problem ope couid pose is Hy, and (Vp + V) reversed in the above
a probiem; such would cecur in a tank designed 0 hold a heavy load. For this case
let

P=Vp+ ¥y + Hy

: P = i00 + 59

fl

Then at 50 percent orocability of Giivre
Pg= 1.252){(15%) = 375
as beforz. Howevar, if we agaia only increase the wind we have
375
or HL

which represents 2 3.5 increase in {he failure Icad or a wind o1 235 3IPH.

HL <+ 1006

!

[4]]

7

From the feregoing, it is seen that the actual failure sirength of 2 struciurzl
system is highly dependert not caly cn the loading mechasiso: {the type of imposed
load ang/or loads) it on the icheren! characterisiics of the structure (dead load
to live load ratic) and, ic a lesser extext, the mode fliexure or buckling).

This brief discussion may explain the large discrepancies in tae faiiure
resistances of stracturas designed with the same factor of safety.
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